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Foreword 



kcscarch Reviews are being issued lo analyze and synthesize research rclaled lo the 
leaching and learning of science.complcted during a one-ycat; period of time. These re- 
views are developed in cooperation with the !s'ational Association ifor Research.in Science 
Teaching. Appointed NARST committees work with staff of the ERIC Science, 
Mathematics, and EnvironmeniarEducation Irfformation Anal>sis Center to evaluate, 
review, analyze, and report research results. It is h^pod th^il these reviews will provide 
research information fortlevelopment personnel, ideas' for future resear.ch.and-an indi- 
cation of tren^is in resea-fch in science education. 

Your comments and suggestions for this series arc invited. 

Stanlhy L. Hr.i cnsoN 
/ ' ' Patricia E. BLOssha " 
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, This publication was prepared pursuant lo a contract with the National Institute of Education. 
Unittd Stales Department of Health. Education, and Welfare Contractors undertaking suxrh 
projects underGo\crnment sponsorship are encouraged to express freely ihcir ji/dgmeni in pro- 
fessional and technjcal njattcrs. Points of view or opinions cfo not, therefore, necessarily represent 
National Institute of Education position or policy. ' : 

Volumes prior lo 1 973 of the SCIENCE RESEARCH REVIEW SERIES are available from 
the SMEAC Information Reference Center, The Ohio State Univcrsiiy. 1 200 Om mbers Road, 
Room 310. Colurtibus. 0hio-O2 1 2. Volumes from 1^73 on arc available from'John Wiley &. Sons, 
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Reviews of Science Ejiucation . ' 
(Research — In Retrospect ' - . 

For more than fifty years, science educators, both individually and 
cooperatively, have sought to compi!^e from the literature summaries of * 
various types of investigations related to the teaching of science* 
Among the earliest, and ^probably the classic efforts, were the three ^ 
momumental publications listed below prepared by Dr.-^ Francis D. Curtis 
of th^ University of Michigan: , * . ^ 

A Digest of Investigations in the Teaching of Science in the^ ' ^ 
Elementary and Secondary Schools . Philadelphia: ?• Blakis- 
ton's Son and Co., Inc., 1926. ^ . • 

Xinjcluding the* research investigations published 
' ' prior to 1925-.) 

Second Digest of Investigations in the Teaching of Science . 
Philadelphia: P. Blaklston's Son and Co., Inc., 1931. 
(Including chiefly the research investigations 
' published from 1925 through 1930.) 

Thirj Digest of Investigations in the Teaching of Science . T 
Philadelphia:* P. Blakiston's Son- and Co., Inc., 1931. 
(Including chieJg^-y the research investigations 
ptjblished from 1931-1937.) 

The contents of trie fi^st Digest were selected entirely by th^ L 
author from among theWny published and unpublished learning and | 
curricular investigations in the teaching of science. The popularity* 
of the first volume led a number of science educators to 'recommendj 
that a second volume be prepared but that it should include investir' 
gations selected in areas other than learning and curriculum and ; 
* should be extended to cover the college as well as the elementary 
and secondary levels. This vastly enlarged the base of studies from 
.which the selections would be made and obviously complicated the pico- * 
.cedure for determining what should be included. Members .of the National 
Association for Research in Science Teaching were polled for their, 
recommendations. The studies ultimately included were chleftly. those ^ 
that were recommended most frequently. The popularity 'of the SecQnd 
Digest 'led to recommendations For the Third Digest and the selection 
procedure for entries wass> similar t|^ that for t^e Second . The regard - 
In which these Digests have been held is ample support for their publi- 
cation. . . 

Curtis^iiad every intention of continuing his activities with addi- 
tional Digests but the advent of World War II led to a' hiatus in his . 
efforts. His decision to discontinue plans for additional Digests was, 
BJOtivated by his severe illness in 1946 and 1947. Further, he had ^ome^ 
reseijvations about the formats df the Digests . The materials included 
^ere essentially extensive abstracts that were treated more or less 
Independently, althoughr those dealing with similar problems were grouac 



IhtCK categories • Vor all practical purposes 'no effort waS made to 
synthesize the findings or, conclusions of the investigations. 

In 1948, Curtis chaired a symposium at the meeting of the American 
Educational Research Association in Cleveland in which an effort was 
made to synthesize the fi^din^s of selected investigations, completed 
between 1937 and 1947, al^t-he elementary, secondary and college levels. 
The author of this review made the presentation for the secondary level/ 
This presentation was published as "The Implications of Recent Research' 
in the Teaching of Science at the Sebondary-Scho^ Levfel," Journal of 
Educational Res'fearch (January 1950) . 

The interest inVh^ synthesis of findings and conclusions of 
research ^n spience education led the National Association for Research 
in Science T^ching to. request this reviewer to co-author the two follow- 
ing publications: ' ' ' ^^ 

' ' ' 

"Some Implications and Practical Applicat^ions of Recent Research 

in /the Teaching of Science at the Secondary-School Level." ^ 

Spaence Education , ^ XXXVIII (February 1954). 

7 \ - • ^' 

VSome Implications of Recent Research in the Teaching of Science 

at the Elementary School Level. Science Education , XXXVIII 

(February 1954). 

Both of these were effori^s t6 complement^ the Curtis Digests with 
syntheses of the finding/ and conclusions of published studies since 
1937. Rut, it was obvious that ^ the task was becoming too great unless 
a team effort was initiated. So, the l^ational Association for Research 
in Scie^ice Teaching soci^t to' have annual reviews pres,enced by teams 
at Its ahnual meeting^** In addition, reviews of science education 
research became part . of the cycle' of research reviews that appeared in 
Review of Educational Research , a publication of the American Educa- 
tional Research Association. However, the goal of reinstituting the 
Digests^ with modifications to include 'syntheses of research findings 
was elusive. - , . 

The Digests by now were no longer available from the publisher. 
However, as a service to the science education community they were ' 
reprinted in February^ 1972,^ by Teachers College 'Press , Teachers Colleg'e, 
Columbia University. As a further* service, the following thrBe volumes 
were published under the general editorship of Willard J. Jacobsen: 



Boenig, Robert W. Research in Science- Education; 1938 
through 1947 . New York: Teachers College Press, 1969*. 

Swift, J. Nathan. Research in Science Education; 1948 
through ^y^ V New York: Teachers College Press, 1969. 

Lawlor, Elizabeth Phelan. Research in Science Education: 
1953 through 1957 . New York? Teachers College Press, 
1970. 




The contents of these three .volumes w^re selected essentially by 
preparing bibliographies of published science education research for 
the peridds indicated and subnritting them to juries of qualified 
science educators for their evaluation for inclusion. However, the 
format was similar to that ot the Curtis Digests with little effort ^ 
to synthesize findings • - - ^ 

« 

Again, it bec2fine evident that the magnitude of the task wa^ increas^ 
ing and that organized cooperative efforts would be required to do a 
quality job.' In 1965, , the ERIC information Analysis Center for Science, 
Mathematics and Environmental Education and the Center for Science and 
Mathematics Education, The Ohio State University; in coopejration with ^ 
the National Association f6r Research in Science Teaching;" and with a 
contract from the National Institutes of Education, Department of Health, 
Education and Welfare, began a se^ries of reviews of science education 
research. Three of the more recent reviews, are listecl^below; 

Novak, Joseph D. A Summary: of Research in Science Education 
• —1972. December 1973. 




Rove, Mary Budd and DeTure, Linda. A Summary of Research *' 

in Science Education— 1973 . December 1974. ^ * ' 

Hetron,\j. Dudley; Jaus, Harold H. ; Van *Neie, Thom Luce; 
and 0' Heron, Terry 0. A Summary bl Research in Science 
Education — 1974 , December 1975. 

Thts series of annual ^reviews was initiated when the U.S. Offipe of 
Education discontinued their reviews 

This reyieweiy was asked about his willingness to accept responsi- 
bility for the 1975 Sunnnary in the series and he agreed.' At the time, 
he assumed the task would be equivalent to. that for the studies which » 
he prepared in 1950 and 1954 as well as later ones in the cycle of/ 
reviews of science • education research that appeared in Review of , 
Educational Research . The task has proved far more formidable. Without* 
the assistance of many staff members of ERIC,' it would/have been imposs- 
ible • It was extremely helpful tJUiave .been supplied with a list of -the 
research studies that were to b^ ^considered for inclusion and to have 
had nearly all of them available in the Center. - 

However, since published and unpublished studies and research 
reports from outside the United States were to be considered, three 
trips had to be made to Columbus,' Ohio to review the^mat^rials. Nearly 
all these studies and research* reports, from within and- without the 
United States, vere identified by ati ERIC j^ournar article resume that 
did not provide adequate ^inforjnation 'for reviewing the material., Thus,*^ 
it was necessary to read each ^tudy and research *report and abstract. it. 
Every dissertation to be considered was identified by '^a reproduc tion of 
'the abstract from Dissertation Abstracts International . It was ae-siaireB 
that these abstracts would be prepared^ sufficiently well to use /them, per 
se without reading^, the dissertations. For many, the assumption/ proved 
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to be irtcorrect. It was distressing to note tHat about half the 
abstracts ^ere so badly or incpmpletely prepared that it was necessary 
to obtain copies of the microfilm or microfiche, read the material 
completely and abstract it. Many of these microfilms ^and microfiche* 
reproductions were -not available at ERIC untjil December, 1976. ;it 
was also discovered th^t four of the dissertations were 'typed so badly • 

'that the microfilm* and ^microfiche reproductions were unreadable. Thus, 

.it was necessary to get manuscript copies. 

Whet^s the bibliography was finally. Assembled, it was evident that 
a number of studies appeared in several entries. For example, ^s journal 
articles, in Dissertation Absti:acts- International , and/ot as a research 
report in an ERIC j ournal' article relsume. Wh^re such repetition occurred, 
the entry as a published journal article, if available, was retained;' If 
the fetudy appeared as the latter two, the entry for Dissertation Abstracts 
International, was retained. The lantry for Dissertation Abstracts later- /<* 
nation'al was also r<etained even if it was necessary to review the * 
reproduction of the entire dissertation from microfilm 'or microfiche. " 

' /, ^ . 

The next problem encountered was' categorization of the studies for 
synthesizing the fi^ndings and conclusions. This created several problems 
in that categories, all parallel in st^^ucture, were impossible to 
establish. For example, the studies dealing with the Piagetian model 
almost inherently form a group despite the purposes of • the studies. 
Also,^ some of the studies of foreign science programs and activities are 
sufficiently ethnic and culturally-oriented to make if difficult to group 
them with studies having similar purposefs conducted in the United States. 
Consequently, they were categorized generally jonder "foreign studies*' 
although some were grouped with studies conducted in the United States. , 
Onfe-such "foreign group" involved research Elated to the Nuffield pro- 
grams. 

» 

So with all the preamble, . this Summary must stand or f all >on its own 
merits. The reviewer offers much commendation to the ERIC ^Information • 
Analysis Center for Science, Ma,themati?s and Environmental Education and 
The ^Ohio State University for the invaluable assistance provided by its 
staff members. He<^ accepts full responsibility for delays and ^malaccom- 
plishments- that may have occurred, ^. 

• '* ' * * 
• ' * > — 

History and Status . 

. ■ r ' 

The Way It Was ' ^ 

It is axiomatic that every thesis dissertation and major research 
report has a section. early in the narrative with a title such as "Back- \ 
ground of the Problem." ^Every Such investigation is justified on a 
number of baSes, one being the logi>c derived from histoi:y. It is also 
t^ue -that in the past two decades there has been an upsurge in^ interest 
In the history of science, particularly with concerns about the social 
Implications of scientific endeavors. Yet, studieslin science education 
In which' the primary purpose is historical analysis are few and"l?ar 
between. In this summary of 379 studies, only five wer^ concerned with 
historical facets of science education. 



\ 
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Zaldenberg (374) investigafed the development of science education 
at Harvard University for the period 1847-1869. Prior to this period 
the usual procedure for studying science and technology w^as either by 
oneself, or through an apprenticeship. It was Zaid^hergfs conviction 
that the establishment of the Lawrence Scientif icy^clWl at Harvard 
helped to transform traditional colleges into modern univeirsities. 
The reforms necessary for such a* transformatLem* during the period with 
whi6h the study was concerned were backed by^ teachers 'of science. Prior^ 
to this period, despite efforts to'de.velop a true uni-v^ersity the 
reformers' failed to comprehend the role of - the University in modern 
industf-ialized' society. *The* latter, part of the study deals with the 
^development of scientific spirit at Harvard, the emergence of profes- 
sionalism, and ,the impact of the Darwinian controversy on the increased 
professional spirit in science. ' ^ * \ %' \ 

Earnhardt (22) concentrated his ^f forts on attempting toi isolate the 
curriculum requirement changes that occurred at the School of Engineering 
and Applied Science at the University of Virginia between. 1^40 and 1973 
an<f then to identify the forces and agents contributing to the dynamics 
of curriculum reform'. His data were gathered from an analysis! of written 
documents and interviews with faculty and administrators. 

-5fi found that there had been a decline in credit and contact hours 
requiijed for graduation, a de-emphasis* on engineering laboratories and 

. "Kow-to-do-it" courses, an increased emphasis on the* ^physical spiences 
and mathematics, a trend towarjd commonality, in .Various engineering curri- 

.cula, and moire opportunity for eleCtives. In effect, the University of 
Virginia moved, as did many other universities-, f-rom' strictly applied 
engineering to what is often termed "science engineering." The mSjor ' 
forces su^gested^ for these changes were' technological developments, trends 
at other engineering schools, and the need, to attract more undergraduate 
students. The major agent of change^was the Engineers'' Council for 
Professional Development (ECPD) — the 'accrediting afe^ncy for' engineering 
schools. • - , . 

Farmer (98) w'as concerned with determining the extent to^whljch 
Darwinism had been a debated issue in 'Missouri education, the issiue . 
Zaidenberg (374) 'claimed helped stimulate the professional spirit in 
science at Harvard. . His study' was limited to. MissQuri- for the period - • 
1920-1970. Surprisingly most of the Source material, including mknu-^ 
script collections at the State Historical Society in Columbia, pertained 
to grades 7-12 rather than to educatioa at thie college level. , In adSi- 
t^on^ data were gathered with questionnaires sent to *140y randomly L * 
selected biology^ teachers in Missouri andean exanination of some Biology 
textbooks used in Missouri ^in 1970. ' . I 



Farmer four)d that the teaching of evolution was a major issue 



in 



Missouri only in th*e 1^20 *s, a period during which jt^ie Scopes trial in 

drew the attention of Missourians. in 1927 an anti-evolution bill 
was introduced in the Nlissouri legislature but after a "hilarious" debate 
it was defeated. After the 1920*s the investigator claims that little * 
opposition to the ^teaching of evolution was evident, except in a few 
isolated areas. 
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According to Ogden (245) his aim wa^ "to prepare a chronological 
history of the objectives for teaching chemistry in the high schools 
of the United States during the peribd 1918-1972 as reflected by state- 
xoents in articles from selected professional' jc^umals.*^* He established 
.six subperiods for his analysis of trends, 1918-1933 (Cardinal Princi- 
ples, Great Depression, and the 8-year Study); 1932-1941 (Roosevelt to / 
World War il); 1939-1946 (World War II); 1945-1957 (Life adjustment / 
education to Sputnik) ; 1954-3.964 (Criticism 'of life adjustment. and ^ 
student unrest); and 1963-1972 (Uneasiness o.ver first wave of post- 
Sputnik science cu?:riculum projects). His* data were collected from the* 
science education periodicals for the period, xficluding among others, 
Scho.ol Science and Mathematics, Journal of Chemical Education ahd Journal 
of Research in Science. Teachigg . ' *» ' ' ^ 

Ogden found thkt t]^ numbers of articles published remained fairly 
constant over the subperibds although , prior to 19-53 most.atticles w^re 
written, by high school teachers, whereas the contributors^ since then have 
been largely from colleges and universities.. In the first "three sub-, 
periods the articles pn chemistry dealt largely Vith don ten£,' with a 
shrift in later subperiods toward attitudes and interest. Statements 
about knowledge objectives, are pre*dominant in >all subperiods. but especially 
so in sulJperiods 2, 5 and 6. Suggestions for inclusipn* of specific, topics 
are most, prevalent in subperiods 1, 3 and 4. The process types moat fre- * 
quently cited across' the subperiods we're "scientific method, "processes 
of science" and "tiechriiques* and skills" of inquity with agreenjent among 
author groups highest on the elements in the .processes of science > 

* * /■ - 

Calabrese (59) undertool? a relatively esoteric historical study yith 
a philosophical bent designed to show the evolufeiooary basis for logo- 
therapy.T. Logbther&py is a psychoterapeut^ic method' introduced by Frankl 
of Vienna in which the study of conflicting behavior drives is de-empha- 
sized with attention being given to the ^otivatirtg mental level of the 
individual in order to enable him to discover the meaning of life. This 
study deals .with the origin and 'basic assumptions of the method, .the ' 
behavior of man as understood by, evolutionary biolagy, the integrat'ing 
of logotherapy within the evolutionary design, the in/tloence of evolu- 
tionary biology on the economic behavior of'^^mans, and the implications 
of evolutipnary biology in the behav,io);:al areas including science educa- 
tionT There are few practical applications for scieYice* education. ' ^ 

The historical studies just reviewed are too few in number and too ' , • 

diverse tn purpose ^to synthesize any findings from which projgnosfeications 

for science education can be made. ' . , 

* • - »* • 

The Way It Is - J . 

The late 1950' s and early 196b's were years of.turmbil for science * , . 
education. During the post-Sputnik period there were f^rantic efforts 
in nearly al,l states to assess the backgrounds- of science teacliers, the^ ^ 
types of course of ferings, ^the numbers of student? enrolling in high 
school science courses and the like. Thei enthusiasm for such -investiga- 
tions has waned somewhat although nine status studies appeared in 1975. 
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The National Assessment of Educational Progress (23-3) produced 
general information yearbook that describes aa information-gathering 
project dealing with the educational attainrients of 9-year-olds, 
13-year-olJs, 17-year-olds and adults (age 25-36) in varipus learning^ 
areas including science. About 100,000 persons were involved, in the 
assessment. The 9-, 13 and 17-year-olds participated in eight indi- ' " 
vldualized , Scientific activities that rfequired^the use of scientific 
apparatus. These included, among others, colored water, volume of 
rock, and rotation and revolution. It was found that fehe^ percentage 
of students who performed (;he activities successfully was directly , , 
related to age. The greatest growth took place between the ages of 9* 
and 13, with 13-year-olds of ten .perJormin^ as well as the 17-yeaV.-olds. 
There was, however, a ^'wide gap" between the ability to perform and the 
ability to explain procedures>, Many students at all^age levels could- 
do' things but could not explain what they were doing or how or why,- 

Three studies dealt with the area of earth science; A study by 
Orgren and Doran (248) sought to determine to what extent tfie Adoption 
of the revised Me^ York State Regents Earth Science Syllabus had on 
teacher behavidr,and student achievement.. Three gfoups of classrooms 
(including teachers and their students) were involved, (a) 'tSose in 
which the ttariiiti.bnal program was still being used; (b) those in which 
the use of the new Syllabus was optional; (c) those in which the 
teacher3 participated m tfie development of .the Syllabus. It was found 
'that teachers who followed the new* curriculum used different teaching 
^strategies from those who did not, and those whp "got in early" behaved 
significantly pore" in accord with advocated teaching strategies than 
those who "got in late;^' But, ^he adoption of the new curriculum- did ^ 
not produce significant differences in using processes of science 
* between students who were exposed to the new and 'those who were not. 
Neither did students whose •teachei;s "got in early" score* significantly 
better on achievement tests in earth ^,cience than students whose teachers 
"got in late^" • - , 

Cross (75) conducted a study in Pennsylvania to determine (a) the ^ 
characteristics of public secondary school teachers of eart^h science ^ 
who ver^ qertified in that area and' taught earth science at least .50 * 
percent bf the time and (b) the status of the Earth Science Curriculum* 
Project (ESCP) in the school^. Questionnaires were sent, to 495 teachers^ 
from whom about 55 percent usable returns were receivefd. The data indi-' 
cated that about two-thirds of the teachers had participated in at least 
one training institute, although one vout of "ten teaching earth science 
had never taken a course in the area and one out of four were^not 
certified to teach earfeh science. Crofes concluded that the teachers' 
lack of laboratory experience in earth science resulted in inadequate 
laboratory experiences in their classrooms. ' Also, although ESCP 
materials were used by over half of^ the earth science teachers in 
Pennsylvania, in ^ore than half of the classrooms the traditional 
texts wefe also in use. • 

^ ' r 

' Exline (96) undertook. a comprehensive study in 1972-73, somewhat 
similar to the. one by Cross (75), in which he was concerned with- the 
^status of earth science in Virginia'. He divided the State of Virginia 

1j • 



1 



♦ * * 

into seven regions to allow for comparisons and sent direct-mail 
questionnaires to 324 earth science teachers who devoted at least 
.50 percent of their time teaching that subject. "An 82 percent 
return was obtained of which 79 percei\t* were usable. 

The responses indicated that 1^8 percent of the respondents were 
"endorsed" to teach earth science although 84 percent and 52 percent 
respectively were, endorsed to teach 'general science and biology. 
More of the teachers ware endorsed to teach chemistry and non-science 
subjects than to teach earth science. About two-thirds of- the 
''teachers thought the materials they had available were inadequate and 
about the same number Indicated that their facilities were fair to ^ 
poor but filled to capacity. The number of students enrolled in earth • 
science in 1961 was 2,270'and in 1972, 40,509* The number of teachers 
increased from 65 to 430* f rbm 1961-1972, but thp number of Virginia 
teachers participating in college and universitiy earth science programs^ 
had been decreasing. • , . 

These three studies suggest the need for more and better preservice 
and insejrvice education for earth science teachers. 

^ Melko (220) iitvestigated the perceptions of 50 randomly selected 
Wisconsin public high school teachers concerning science enrollments, 
adequacies and inadequacies of science courses in their schools, 
changes needed ins science courses, and the types of outside help needed 
to facilitate the changes. The fifty teachers were interviewed between 
January 14, 1974 and March 29, 1974. In /those cases in which statisti- 
cal analyses were ai)propriate, t^e Chi-§dua^;e statistic wag^jjsed as 
an indicator of significance. / • 

■ / ■ 

An analysis of the* results indifcSLued that the resjjondents were about 
equally divided in terms of satisfaction and dissatisfaction with science- 
enrollments," and about half rated .thexr courses and total curriculum in 
science as being adequate. The ,majoi/ strengths of the courses were 
claimed to be th^ laboratory, appropriate level pf difficulty, and 
appropriateness to student needs The changes proposed were principally 
modifications of current of ferings 'father than innovations. * 

// ' ^ 

. Glass (118) made an evaluaticm of science education in grades K-12 
in Iowa although the report did not indicate clearly the sources of the 
data. Presumably, they were from the Department of Publicans t ruction 
with which he was -at onetime af/ciXiated. His evaluation iiftlicated 
that there ar'e many tea««er preparation programs in Iowa that differ 
greatly from one-another and, Consequently, the backgrounds of science 
teachers are varied. He alfeo discovered that in many preservice programs 
for training science teachers /the course content improvement" programs 
supported by the' National Science foundation are never mentioned. In ^ 
many cases the preservice science teachers meet with, and are supervised 
by, generalists rather than /science education specialist^. The report 
recommends that courses in professional education in all colleges and 
universities should be handled by specialists. 
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Another study dealing with science education from grades 
was undertaken by Thompsoii (339) to obtain information about the 
status of science education and. the opinions of five different popu- 
lations* concerning what should -be happening in science ediication in 
Oregon • The populations included eight stratified rando^ samples of 
261 and 255 elementary school teachers, 188, 185 and 208 secondary 
science teachers, 287 secondary school students, 225 P^A officers, 
and 204 scientists from Oregon State University, Although not indi- 
cated in, Dissertation Abstracts InternatjLonal ,^ it is assumed that 
data were gathered by means of quest ionnaires^, Amoitg the more 
significant findings were that (a) Science: .AProydess Approach XSAPA) . 
was the most commonly adopted elementary school s/ience program 
although Elementary Science Study (ESS) and Scietice Curriculum Improve- 
ment Study (SCIS were evaluated more favorably by elementary teachers; 
(b) poor facilities, lack of equipment, and p^or* academic training are 
not mentioned as bai;riers to -effective science teaching; (c) 71 percent 
of the secondary science teachers, have mast^'s degrees; (d) there is 
little formal articulation between 'the elementary and secondary school* 
science programs; (e) the greater the science background of an indivi- 
dual the less likely they perceive a conflict between science and 
religion; and (f) there was agreement that students should have some 
ixiput concerning the contents of science courses • In total, thirteen 
recommendations were made to improve the quality of science education. 

In two states studies were focused- on the status of elementary 
science. In Indiana, Potts (271) surveyed 15 school "corporations" 
within .a 75-mile radius of Indianapolis to determine the extent to « 
which trhe critical thought process, a component; of inquiry-discovery 
techniques, was being developed in elementary classrooms in which the 
Science Curriculum Improvement Study (SCIS), Science: A Process 
Approach (SAPA), or Elementary Science Study (ESS) was being used. 
The questioning techniques of 53 randomly selected teachers were 
assessed using the Clegg version of the Teacher-Pupil Question Inventory 
(TPQI) to determine how well the critical thought process was being 
implemented. ^ 

The classrooms in the corporations using SA?A in which questioning 
techniques were consiQered "good" had (a)' extensive implementation pro- 
grams; (b) individuals who adhered to the adoption, implementattbn and 
follow-through procedures; (c) adequate funding; and (d) involvement / 
of teachers in decision makingl The "successful" classrooms in .which 
SCIS and ESS^were used had (a) science-orient etf^ teachers; (b) extensive 
Inservice activities; (c) teacher involvement in decision making; <d) 
administrative support; (e) proximity of college personnel; and (f) 
adequate funding. ^ . ' 

In brief, in the 8 of the 15. corporations judged to be successful*, 
th.ere was a commitment to the program on the parts of the personnel , 
Involved. V* . . ' ♦ 



As part of a 'three-year cycle of assessment iu grades' 3, 6 and 9A 
The Division of Resear.cfi, North Carolina Department of Public Instruc- 
tion (379), administered ^n 80-item instrument to 2,500 randomly 
selected third graders. The instrument developed by the Sciettc^. Education 
.Division, North Carolina Department, of Public Instruction, contained items* 
dealing with life science, physical science, earth-space science, and 
process. Sixty-seven of the ^t ems were multiple choice, the remainder 
dealing with attitudes,^ superstitions and beliefs and enrichment experr 
iences such' as planting seeds and\raising pets. , ^ 

The students responded correctly to more of the life science itetms 
than to 'those in other areas, 93 percent responding correctly 'to t^e^ /nine 
items in life sciences. To the threp items on physical science, 90 per-^ 
cent, 64 percent ^nd 70 percent responded correctly. On the earl:h-st)ace 
science items, only aBout »one-third fcnew the time, lapse betw^enTTullf * 
moons, whereas 97 percent knew that dinosaurs lived longjago. 
• ^ ' "* 

In summary, the students achieved higher on life science items than 
on those for physical science or earth-space science. They also p'erH- 
formed better on knowledge items than on those involving comprehension 
and application. Not s^iirprisingly^ the amount of education of the members 
of the family was found to be related to achievement. * \ 

The studies cited here differ"- from the status studiesj of a decade . 
ago in that there is a greater emphasis on evaluating achievement, parti- 
cularly with respect to inquiry skills, whereas most of thk earlier 
-^tatus studies involved the assessment of teache^^ackgrouAds and types 
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of course offerings 



The World of Piaget 



V 



Education is replete with the ascendance and descendance^ of messiahs 
who caoture the fancy of those who^teach. The Twent;Leth Centiiry has had 
its share; for example, Thorhdike and^Connectiondsm, Deweyi and ' Learning- 
By-Doing, and Bloom and his Taxonomy of Educatiohal Object^ives. 'i;;here 
have been, of course, many others but the current star is Piaget. 

^ Piaget, a Swiss psychologist, h^s been studying learning behavior 
for about fifty years although his ^writings are relatively few in number. 
Reports about Piaget and Piagetian Developmental Theory ate largely those 
pre^pared by his students and disciples. But, he has .made three contribu- 
tions of importance to science education. It seems appropriate to review 
these contributions^to ^ejj^ the stage for summary of research studies that 
follows. ' 

The first contribution is Piaget's concept of , intelligence ; namely, 
that it is neither qualitatively nor quantitatively fixed at birth. 
Rather^ he^.believes that intelligence is a "form of adaptation charac- 
terized by equilibrium" and involve two processes, assimilatioA and 
accprnmodation . When a child receivjes new information froih his environ- 
ment, he assimilates it and'* the equilibrium is upset. As a child uses 



the n^w information in forming a new'concept, he accommodates, thus 
restoring the equilibrium. Of key importance is that Piaget asserts . 
%hit children^ do. not ,acqliire knowledge merely by being told or by ' 
reading about it. Rather, the child must act on the knowledge. The 
action must involve a mental action, and in addition may involve some 
physical action. This *'need idr action" has become a key point in 
the inquiry approach to- science teaching. 

second aspect of Piaget^s work is his concept of the properties 
of logical thought. Piaget theorizes that a child is able to manipu- 
late data that are stpred in his mind and cites four important 
manipulations: « • » ^ / 

Comb inativity— the ability to add ideas (f iguratively^ to "adcJ> 
two and two") 

Identity ^' — the ability to compare and contrast phenomena' 

Associativity— the ability to "add^two and two" 'in diffe'rent 
ways, but still come up with the s'am6 results 

Reversibility— the ability to "retrace a path" in reverse 
order mentally 

A -third postulate of Piaget i^the development during, the adolescent 
^ears of wh^t he calls "propositional thinking." In essence, this is 
the ability to state propositions in terms of variables that the 
adolescent has identified. The adolescent then is able to combine the- 
propositions and test all possible combinations. 

J Piaget 's observations and postulates led him to identify and label 
vhat most observant parents and teachers recognize, namely, the stages 
through which children evolve in their mental growth, or jdeye'lopment 
of intelligence.* He believes that they are as follows: 

^tage 1 — The ,sensori-motor stage of development, beginning at birth 
and extending through about one and'onerhalf years.* During this, stage, 
the infantas a-tions are controlled primarily by basic reflexes and 
modified reflexes. 

Stage 2 — The pre-operational st^e of development, extending from ^ 
about ^18 months to about seven years of a^ge. During this period, .a 
child's learning is based primarily on his perceptions, or- "how things 
look to him," rather than on the ui^ of logical operations. Ordinarily, 
during this period children can consider only one variable at a tim6, ' 
In grouping objects for example, a child will concentraf.e on color, or 
size, or shape, but seldom on all three characteristics simultaneously. 

' Stagers — rThe logical operation stage , extending from about 7 through 
12 years of age. At^his time children learn to manipulate data mentally 
.and deal with severaiv^iriables. They are able to associate, reverse, 
and combine information. ^ * * V * 
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Stage 4 — The formal operations stage of development, extending trom 

age tw«lve throughout the high school years • Here students lare capable 

of propos^.tional thinking and they mature in their ability to profit 

from inquiry activities iti science. He does indicate that there are 

transitional stages between the ones listed! 

For convenience, most of the studies dealing with Piagetian Develop- 
mental Theory are ;^rouped according to the level of^ the subjects involved 
—elementary, seccindary and college. In those cases in which th^ 
boundaries are crossed, the studies have been included with thosje' at 
the lower level,, , - ^ , ( , 



Validity of Piaget^s Assumptions \ ^ 

, Guefih {11^ sought to test the validity of -four of Piaget's basic 
assumptions: (1) the stages of development are hierarchically '-ordered; . 
(2) logical operations associated with the stages are not hierarchically 
ordered; (3) logical operations contain two factors, one related to con- 
crete, grouping operations, the second to concrete and logical, coordin- 
ating operations; and (4) these* common factors are related. 

> . * 

Raven's Test of Logical Operations (RTLO) was administered to 896 
studenjds from different environtoents to measure the attainment of seven 
logic^L Operations associated^ with the last two stages of cognitive 
development. Guttmau's Simplex Analysis Model, Kaiser *s Alpha Factor 
Model %nd the independent clusters transformation were used to assess 
the/va.lidity of the assumptions.' ,The, results c^f the analyses supported 
the four -assumptions^ and indicated there are substages representing 
transition between concrete, grouping and logical, coordinating opera- 
t^jons. The logical operations' of classification, seriation, logical 
Ltiplication, compensation, proportional thinking, probability and 
correctional thinking are not hierarchically ordered. Thus, at least 
/a^ofding to Guerin's findings, the four Pi^agetian assumptions are valid. 

At the Elementary Level • , . , 

/ ' . / y 

Schafer and Byers (302) examined one way "of -inducing change during 
the development- of , serial ordering— x^ne of Piaget*s logical operations. 
A serial ordering pretest was given to 95 kinderjgarten children an4-.they 
vez;e assigned, ^ on the basis of their scores, to three serial ordering 
stages. Those in Stage II were assigned to one of two groups, experi- 
mental (N=*15) and control (N=17) . The control group did. not receive 
Instruction whereas thk experimental group, received about 30 minutes of 
Inst rue tiot>j,^ Posttests involving serial ordering were administered' 1, < 
8 and 132 ^i^ys after instruction. A special control group of children 
In Stage III on the protest was also administered the third posttest. 
The pretest involved ordering sticks- 3/A" square and of different lengths 
The three instructional sessions involved (1) ordering sticks of differ- 
ent sizes; (2) ipajcing stairs out of sticks, some arranged and some 
/dlsS^anged; -^^nd (3) ^rd^rfffg cards with parallel lines^, in terms of 
number of. lines.' 
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The posttest' involved a number of different seriation tasks on 
which the experimental group showed superior performance on almost 
identical seriation (near tr.ansfer) tasks and tasks involving quite 
dl^ff.erent figures (far far transfer)/ It was concluded that the 
acquisition of seriation skills is- partly a function of ^learning and 
not solely a function of, the development of internal structures. 

Espejo, Good and Westmeyer (95) attempted^to determine the effec- 
tiveness of a "child structured" science curriculum (Child-Structured 
Learning in Science - CSLS) in further developing selected intellectual 
factors that appear -to be sequentially developed among pre-operational* 
and concrete-operational children. ^The term "child structured" refers * 
to the availability of manipulative materials and activities during 
which the teacher avoids evaluative and directive behaviors and attempts 
to interact with the children.) - / * 

The subjects were first graders from two Tallahassee,^ Florida 
schools. The treatment group consisted ^of 23 children who had exper- 
ienced CSLS in. the Florida State University ^Researih School. The-two 
control groups consisted of children wha had not e^cperienced CSLS: • 
23* from the i^esearch Scttool and 27 from th*e Astoria Park Elementary 
School. All the children were interviewed individually and tap^ record- 
ings were made of their reactions to a cognitive instrument consisting 
of various tasks with Figural Classes that presu^bly were developed ^ 
through experiences with CSLS. The scores of the children were analyzed 
according to age groups; e.g., age level .(under 6 years and 11 months) 
and age level II (over 6 years and 11 months). 

• - 

Results showed that all children were either in the pre-operational 
.or concrete operational stage. At each age level there was a greater 
percentage of concrete operational students in the treatment than in the 
control group. It should be noted, however, that the control group from 
FSU Research School were kindergarteners, not first graders. One may 
conclude that if children have learning experiences aimed at certain 
objectives, they are more likely to achieve th^ objectives than children 
who hdve learning experiences not so aimed. 

^ Smith and Padilla (316) sought answers to questions concerning (1) 
t^e accu^cy with which first graders order objects on the basis of 
weight and length; (2) the effects of the variable and number of objects 
on the accuracy; (3) the extent to which they employ Extreme Value 
Selection (EVS) , Inse?:tion Strategy (I>?S), or Rearrangement (RAR) in 
ordering the objects; and (4) the relationship of EVS, INS and RAR to 
the variable and number of objects. The subjects were 24 first graders 
from each of the four schools selected randomly from 24 urban element^ary^ 
schools with small black and Latino populationsT~^'They were given tasks 
of arranging 4, 6, 8 or 10 dowels 1/4" in diameter, in order of length 
and ordering 12-ounce^Styrof oam cups containing leadshot in paraffin* 
It was expected that most children woul^ use EVS or INS strategies 'and 
the expectation was supported. Over 36 percent used an' ideal EVS 
stipategy, 'iftbout 26 percent used an 'ideal INS, and ^7 percent used RAR. \' 
Consequently, about 69 percent used -a systematic approach to the ordering. 
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^* *Padilla and Smith (254); while attempting to teach children to 

. seriate, focused on the question as to whether teaching strat^ies 
for the seriation task resulted in more accuratfe performance and -great.er 
transfer than simply practicing the tasks with outcome feedbacks- Thej; 
administered, individually to 120 first-grade children, .seriation pre- • 
tests .tbab involved ordering 10 wooden^ dowels, lA" in diameter and 
rangijig in length f rom *9 cm to 16.2 cm^with ,8 cm dif ferenop^^-^ ^efore 
doing so, the chfldren were sh<3wn five ordered . dowels and then given 

:five to insert. They were then separated 'into three groups on the basis 
of the results of the- pretests^ (a) those who could not seriate (I); 

'(b) th^se who could seriate with difficulty but not insert (II); and 
(c) those who could do both (III^i They were then given a number of • 
seriation practice tasks. .From among these children, 36 in St^ge I were 
selected and 36 in Stage III, and two groups of 24 each were taught to' 
seriate using th^ Extreme Value Selection <EVS) and the Insertion Stra- 
tegy (INS) respectively. A control (CON) group of 24 received no \ ] 
instruction but prapticed the seriation , task with feedback on correction. 
Multivariate analyses irfdicated significtant differences of EVS over IN& 

•or CON^and INS over CON. ' k / ^ . 



• The findings concerning the values of instructional actiyities 
support tho^e of the previous study in which these two investigators 
were involved. ^ , ^ , ^ ' I 

Bowman's (49) study of Piaget's Develx)pmentaL Theory was an effort, 
"to investigate a number^of f^actorS bielieved to be related to the ^qun 
servation of quantity." <ln Understandable terms, a person who. can ' 
recognize the equivalence of a certain quantity of v^ater in cylindri- 
cal container ^nd in a spherical container Is a "conserver of qu^tity." 
Obviously, one who cannot^ is a "noncons^rver." According to the / 
investigator, the "study was designed in order *that^ the 9%],ected factors 
could be investigated with regard to conseirvers and nonconservers in a 
given setting." In order to ^ther the data, populations of four, five,* 
six and seven-year-olds were" involved: 15 boya-^9nd:xl5 girls at each 
8?^^de^Jeyel ._ Four examiners w'er^^ trained io admfnr^ter nine Piaget 
tests, ranging from Piaget 's classic Conservation Te^t to the Justifi- 
cation Test, to the child ffen. Despite thh fextjbnsiv^S^iscussiotV abbut 
factors related to the performance of \conservers ancj nonconservers, 
there appeared to be no evidence of significant differences between the 
two groups on the HSWT, the exact title of which this reviewer was* unable 
to identify in Dissertation Abstracts International . ^ ^ 

Ankney and Joyce (11) attempted to construct a\p^per-and-pencil test 
for the evaluation of concrete reasoning ability in the^ P^agetxan Develop 
mental Theory; Two instruments were developed, the Piagetian Interview 
Instrument (PII) consisting of - five* concrete reasoning tasjjfe and a Paper- 
and-Pencil Te*st (PPT) with '^0 multiple choice items that measured the same 
five concepts as the PII plus five others. The Piagetian cognitive 
structures measured by both instruments included conservation of. weight, 
volume, transitivity, class inclo^on, and Euclidean space. The PPT also 
examined conservation of length, area^ one-to-one correspondence, spatial 
Ity and velocity. The population with which the instruments were ifsed 
consisted of ^129 qhildren from ages 8^14. t 



The results indicated that there was a significant relationship'^ 
between performance on the PII and PPT and alsp between ^aga of the 
subjects and performance' on both instruments • However ^ significant 
reT.ationships were not found between performance on* either instrument 
and sex*, type of community in which the subjects lived, -or cultural 
background^ It was concluded that paper-ahd-pencil objectiv^type 
Asts co^xld be used to assess, concrete reasoning ability • 

y 

. • -Polanski's study (268) was based on three' premises: (1) logical 
operations, critical thinking," affd creative, thinking are all part of 
science content comprehension; (2) there is a positive correlation' 

^ between the comprehension model and the intelligence' of the student 
tested; and (3) sixth-grade students will perform better than fourth-; 

. *grade students on tests used in this study. One test, the Piaget 

Coii5)rehension Test, was constructed to measuf.e, science content compre- 

\hension>dnd involved Piaget 's operation^^f bl^ssillcation, seria.tion,^ 
logical multiplication, and compensation. \j^he others administered were 
"^he Raven Test of Logical Operations , the Ipwa Comprehension Test, , the 
Roberge Critical 'Thinking Test , and the Torrance Creative Thinking Test . 
The tesXs were adminigtered to 111 fourth-^,^rade and 109' sixth-grade 
s'tudent-s and comparisons were made among ^he scores on the t^sts and 
with scores on intelligence tests. ^ , 

s 

The results indicated that skills measured by the .various tests ^te 
closely related to a factor called "comprehension"* and ithat ^ience con-, 
tent comprehension has, both a lj>gical o^Jerations cpmponent and a critical 
,tninking component, but theraxas. little suppqjjt for the ^existence of a 
creati'C^e thinking component. I The results also showed thart the scores 6f 
/'sixth-graders were dief initel)\higher than 'those of fourtfi-graders. 




Dettrlck (82) sought to investigate :whether definite parallel hier- 
archical relationships, existed between performance- oii three projective 
spatial (or perspeqtive) tasks and three classification tasks. The tasks 
"we^e primary addition of classes, secondary additionof classes, one-to-- 
one multiplication of elements, addition and .subtraction of projective 
elements, complementary perspective relations, and one-to-one multipli- 
cation of ptoje^^f^ive elements. Other q^uestions investigated deal^t with 
the difficulty oF^he tasks, the relationship between sex and performance 
and the relationship between task performance and scores on the Iowa 
Tesjts of Basic Skills . The data were gathered by ardmini^t^TsAng, six 
Piagetiart-type tasks to 108 elementary children (3$ borA in ehch pf the 
years 1962, 1963 and 1964). Individual interviews lasted about 30, minutes. 

The results indicated that the. tasks differed in difficulty and that ^ 
cognitive i>rocesses as measured by the tasks develop wtjth age. Differ- 
ences in performance were not found to be a function of sfex. 



' It was also indicated that cpgnitive processes undergo continSbus 
development with growing dif f erentiat;ion and coordinatipn until they 
Become coinpletely functional when the concrete operational "perked merges 
with ^he beginning of formal operational thought at approximately 13 or 
14 years of age, two or three years later than suggested by Piaget* 
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Raven andN-Guerin ^ (279) attempt^ed to analyze the liier^rchical* scheme 
of seven operational structures ddfine4 by Piaget. The structures are 
class-ification, seriation, logical multiplicat-ion, compensation, propor- 
■tlonal thinking, pA)bability ,^arid correlational thinking "These 
operations are found in the concrete^^d formal stages described by*^ ^ 
Piaget. The data were gathered by adraihlstering" the Raven Te^t of 
Logfcal Operations consisting^ of six items ^X5^i,th four subsamplesPof 
896 male and female children ranging in age from 8--19^ One hundred and 
V twenty-nine of the children were Uom two core area* schools in Phila- 
^delphia; 220 from a middle-class elementary sphool in .Gheektpwaga, ¥• ; 
424 from Salamanca, N.Y.,, ^ rural community^/ And 123' blackN^^le and 
female college freshmen at Clark College in^^ Atlanta,, ^ all o/ whom were 
In remedial programs designed to prepare them or entering college* 

The RTLO has three parts, each requiring <5 minutes for administra- 
tion. The investigators used Guttman's radex theory as a quantitative 
model to rank the test items from simple to complex. Th^irfindings 
supported the hierarchical structure proposed.iYi Piaget *s Developmental 
Theory as Concrete III A, Concrete III B, Foinnal IV A, and Formal IV B. 
But, thfey failed to find a^ hierarchical .order in some of the other 
structures. It was suggested that some of the logical operations mayi 
develop together rather than in ,a hieirarchy. \ J 

' I ^ ' ' ^ 

Graybilf (122)/attempted to determine the possible existenag_j5f 
sexual dif f erencesrLn intellectual development and '^rcAlem-solving 
Aility* .Her procedure was based Quthat developed by Piaget and ^ 
Inhelder (1958) and described', in thebook ' Growth of Logical Thinking 
f ro^t^Childhood to Adolescence in which simple physics experiments were 
used fb tesi the development of jlc^gical thought structures in subjects ' 
ranging in age from 5 to 15 or 16.^ The subjects in GraybilX's study 
were three pairs of" boys and girls of abqut^9,^ H, 13 and 15 years of' 
age who were matched as well as possible with r^spec^ to. birthdate. 
Intelligence, school achievement and socioecont)mic baclcground.^ The 
subjects were asked to solve four, problems involving e.quai Angles, float- 
ing bodies, separation, of variables and'chemifcal combinations. The 
researcher and twiTseparate judges rated the subjects o^i k ,s'cale ot 1-4, 
depending on the substage of development each Wd^ jurfged to ha^ reached. 
The f:uidings indicated that there were sex di/ference^ in^'the transition 
from c>^i^crete to. formal .thinking and that boys were* more successful than* 
girls on, the science problems used. Boys aeemed more -confident in hand- 
ling equipmd^t, mote sure of. tl^eir movements, frieer in"l;heir work and 
took more pains* with their measurements . The girls seemed satisfied . ' 
with making rough estimates rather than -precise measurementjs .* The boys 
evidenced kjie formal level at age .13 whe^reas the. giirls lagged somewhat"^* 
behind. These findings must be weighed in terma of the relatively small 
sample involved. i ' - ^ 

At the Secondary level , . . ^ ^ 

, Chlappetta (64)/ reviewed ten studies related, to formal thought 
development, as /'e^ouseH^* by Piaget, in an effort -to" resolve some 
questions about Piaget 's belief that all adolescent;s are |ormal thinkers 
by the time they aije 15 or 16 years of age. His review^of .studies on 
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formal thinking seems to support the view that the majority of late ^ 
adolescents ^nd adults in the United States ^function at the concrete 
operational level and i^ot at the form§l operational level • An analysis 
of Piaget's studies' in Geneva, Switzerland, indicates that- he may have 
dealt with the more a}^e students- who did function at the formal opera-' 
tional level, Chiappetta concluded' from the review that curriculum 
specialists nefed to develop science prograifis more geared to concrete 
operational thinkittgv than are existing programs, 

Sayre and Ball (301) conducted an investigation tcf explore the 
possible relationships between scholastic grades in science in junior^* 
and ^senior high schools and the ab-illty of students to perfofrm formal ' 
operational tasks. The subjects were 419 students enrolled in Weld' 
County (Colorado) Reorganized School District during the Fall Semester ^ 
1971: 214 in grades 7-9 and 205 in grades 10-12. 

Four trained interviewers administered a Piagetian Task Instrument 
(PTI) consisting of tasks developed by Piaget and/or Inhelder or by 
students of Piagef. The instrument contained tasks involving stickmen, 
the pendulum, the' balance, "chemicals and syllogisms. The results^ indi- 
cated that students ^ both the* junior and senior high school level who 
functioned at the formal operational Idvel on the PTI obtained signifi- 
cantly higher grades than did, students who ^iid not function at the 
formal level. It was also noted that there 'was a gradual' growth from 
grade to grade in the ability of students to rpmplete formal tasks. An 
exception was noted in that students enrolled in physics did nof^evidence 
a significant relationship between schcjlastic achievement and level of 
formal operation. ^ * 4 

.Lawson and Renner (190) indicated that the primary^ objective of 
their analysis, was to assess the understanding of concrete and formal » 
operational concepts by concrete and ;formal operational students in 
secondary school biology, chemistry and physics. Concrete operational 
concepts are^those concepts whose meanings can be developed from first- • 
hand experience with objects or events, whereas formal operational 
cpncepts are those whose meanings are derived through thfeir positions 
vlthxn a postulatory-deductive system. 

< 

The subjecta involved 51 students enrolled in biology 50 enrolled ' 
In chemistry and 33 enrolled^ in physics from a high school with a popu- 
lation over 2,000. During the last month of the school year these 
randomly selected students were administered 'tasks dealing with 
Conservation of Weight, Conservation of Volume, Separation of Variables^ 
and EquilibriuS in^ the .Balance. Their performances on the tasks were 
rated on a five-point scale. They* were also' administered sjibject 
matter examinatioaft to evaluate their understandings of concrete 
operational and formal operational concepts. The data were analyzed 
•by multiple correlations, tests; and multiple regression. ' f ^ 

^e analyses indicated that*^29^5 percent of those enrolled in biology 
were at the concrete operational level or lower whereas Si5. 3 percent were 
post-concrete operational or fotraal. The majority df the physi*cs students 
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were between the concrete pperationa^^ an4 formal operational levels, 
but about three* times as many physicj^ students were fully formal -as 
were chemistry students. ^However, the majority of stQd^nts was below 
the levels of intellectual development postulated by Piaget. These ' 
findings supported the analyses by Chiappetta (64) that a substantial 
amount of secondary school science subject-matter mTght not be appro- ^ ,^ 
priate for the intellectual levels of the learner. • - 

Bautista (27) attempted to develop a concept classification scheme 
based on the Piagetian model. The operational -criteria for identifying, 
concrete concepts were seri^tion, transitivity," class inclusion, one-to- 
one correspondence, and conservjation. The operational criteria 
established for formal concepts were propositional thinking, combin'a- 
' torial operations, proportional reasoning, separation of variables, 
reciprocal "implications and exclusion.' The* subjects in th^ study were 
students enrolled in Chemical Education Materials Study (CHEMS) and 
Harvard Project Physics (HPP) . .They were administered two tests: one 
consisting of Piagetian taskrS and the other, achievement tests that are - 
'Part of CHEMS and Harvard Project Physics materials. The proportions ' 
of correct responses made by formal and coilcrete students to formal 
questions were subjected to the _z-test of a si^gr^f icanQ.e oi the differ- 
ences between the two proportions. The same wafe done tb proportions of 
correct responses made to concrete questions, f ' 

The responses to the tests showed that formal students performed* 
significantly better' on 57 of 61 formal questions than did concrete* 
students. However, a significant difference was not found in the 
proportions of formal and concrete students responding correctly. to 
38 of the 39 concrete test items. The results are claimed as supporting 
the classification system developed in this study. 

KolOdiy (178) set out to ascertain and compare the cognitive levels 
of three groups of subjects who were at three different educational 
levels ranging from high school through college^nd to investigate^ the 
relationship of cognitive level t6 SAT score's and college grades. The, 
subjects were selected from a sophomore Biological Sciences Curriculum, 
^ Study (BSCS> biology class in a New Jersey high school and from freshmen 
and senior science majors at a state university. Seve;;ity subjects were 
presented -witfi two Piagetian-type tasks, one dealing with the inclined 
plane and the other with a combination of colorless liquids. Randomly 
selected sessions of administrations o'f the test instrument were' taped 
and checked iijdependently by three persons familiar with* Piagetian tasks. 
The interobserver/reliaBility was^ found to be high. 

The. results failed tp indicate significant differences in* cognitive' 
level between. high school sophomores and college freshmen, although 
college seniors scored significantly higher than both. 'Also coefficients 
of correlation w&re found to be significant between Piaget scores and 
SAT mathematics scores and between .the 'chemical task and both' SAT mathe- 
md€ic§ and SAT -verbal scores.' ^However, significant, coefficients 
correlation were not f ound BiJtween college grades and cognitive' level or 
SAT scores. ' 

r 



It was concluded that (1) high school afid beginning college ^ 
students ^re in a high state pf mental disequilibrium; (2) college i 
grades are more closely related ;to verbal abiiity than to college 
functioning; and (3) the majority of adolescents are below .the ^ 
foDcnafl level ixjL cognitive functioning. * ' * 

Abramowitz (1) focused her attention on the ch^aracterist?ics of 
proportion problems and the underlying skills assumed to be necessary 
for understanding proportionality,*- The characteristics bf the propor- 
tionality tasks investigated were (1) the complexity of the .^roportiong; 
(2) the repetition bf a coxmnon^if f ere^pe^^nd (3) the "numbers used.. * 
The skills studied were (1) man:^pulative facility .with fractions; <2) 
,the concept of ''moi:e than" versus "times ^s much;" and (3) the inverse 
relation between unit size and .the number of units used in a -measuring 
* task. • ^ ' : ' . 

• , "the ei^fects of four different task variabiles, eight feedback condi- 
" tions, and task order Were investigated in two sessions with a^ sample 
of '32 seventh-grade students of two ability levels. An analysis of the 
responses indicated that the ability of the subject was a factor, in 
handling proportionality, only about one-fourth of the problems were 
solved using a strategy that illustrated a» well-develpped understanding 
of proportionality. There appealed to Be inflexibility in the students' 
understanding -of proportionality. 

Rowell and Hoffman (292) stated that "tjie problem still remains tot 
the teacher ... to identify the mental development of eacU child who 
faces him." In order to contribute to the soli*tion of the ptoblem, they 
attenqjted to translate two Piagetian-type problem situations into forms 
ItestsJ suitable for administration td groups, , together with* markirfg^ 
schemes. • * - 

'V > . ^ ^ 

.The subj-ects pf. their study were approximately, 20 students selected 
'Vithout bias" fr^Pi eaclii of two classes In each of the first four years 
of a South Australian metropolitan high school. Except, for the first 
year where there was random assignment, students were' ability grouped. , 
The top and lower streams of the second, third and fourth years-were 
tested together. In tot5al, 193 sl^uSents participated in a chemical 
(color change) experiment and 189 of the same students in a physics,.., 
(pendulum) experiment, both Piagetian-type. Each student was given 
Instructions pljiis two. worksiieets , one dealing with manipulations and the 
reasons for the manipulations' and the otl^r dealing with answers and 
conclusl^ons . M 

The results indicated that formal thinking increases with qhr/bho- 
logical age and that there are more formal thinkers among upper stream 
(high Nihility) students than among those in the lower s4;^:eam. Also, the 
authors concluded that it seems possible to translate into group form, 
and Administer and ass^ess rapidly with considerable reliability^ 
Piagetian-type problems that measure developmental leve^i.* But it was 
rioted 'that the group method of administration lacks the sensitivity of 
the J clinical approach ^of assessment. * 
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Robertson and Richardson (288) attempted to (1) rej)licate and 
extend a number of^ tests of^ ''conservation** of some physits concepts; 
(2) measure the conservation of some concepts not previously tested; 
<3) administer the test with standardized procedures orv a group ba^'is, 
checking reliability with standard clinical testing* and, (4). investi- 
gate predictions based on hypotheses of the hierarchical attainment of 
conc^ts irvp'hyslcs. They assumed, if a derived quantity is , dependent • 
on fundamental quantities, th^t students should conserve n^ass before 
weight, length before area, and* length and time^before speSd. 

They also assumed that if a Jerivea quantity depends on 'prior 
xonsferyation of its elements, other than the ones firom whiqh it was 
derived, that students should conserve length and 'area before Volume,- 
mass and volume before density, area and force before *p-r;essufe, mass 
and -^acceleration befoi?^ force, and force before work. 

In order to test their assumptions they used a random sample of 23 
boys and 25 girls stratified on the basis of sex and age f^om grades 7- 
10 in a South Austiralian high school. The^sabjects wer.e* given a series 
of four tests dealing with conservation of the factors indicated. . 

The investigators found, using a 75 percent , success criterion, that 
at grade 7 both boy^/aind girls conserved mass, weight/ force, length,' 
distance and'^sp'eed. At grade .8 both b(^,s and girl^s added vertical 
height, and at grade 9. both boys and g4.rls adde.d time, but Only fcpys 
added volume." Densiry wfas conserved by only 30 percent in*grade*10. 
There was definite evidence of a hierarchical development 'of conserya- 
tion of quantities since only 35 *pexcent of the .subjects in grades 7, 
8 and 9 conserved 'gravitational potential energy, whereas 70 percent, 
of the subjects in grade 10 did. ' ' If 

At the College Level • ' ' 

T^iree studies related to Pia^etiap Developmental Theory were found 
at the college level; In one, Dunlop and -Fazio (92) sought t<5^ investi- 
gate abstract preferences in eighteen problem-s1)lving. tasks* and the 
relationship' betwe^ these preferences and various levels of cognitive 
developmeiff . In addition, the effects of grade level, 'sex and academic 
major we^e examined in relationship to the* students] abstract pt^ference 
scores. - ' 

The subjects, consistijig of 329 -randomly selected students from 
grades 8,^9, 12, 13 and 16,- were administered the Shipley Test of 
Abstract Reasoning .. On tpie basis of the scores on the test, students 
were grouped as concrete operational or formal operational. They were ^ 
also grouped on the basis af grade level and sex./ Analyses of the scores 
for the group failecl to indicate significant 'differences^ between the 
cognitive l^els of development of college science majors and non-science 
majors. Neither were significant differences' found among the cognitive 
levels of developjnent or abstract preference scores of students in grades 
8^ 9^ 12, 13 and 16. Hpwever, the older students demdnstrfated greater ^ 
abstract reasoning ability. * ' 




21 



The study suggests that a student's level of reasoning is often 
below his capacity and that a student's preference toward a specific 
solution may, in part, be responsible for his below-capacity function- 
ing. 

One may also -suggest that the discriminating power of the Shipley 
Test of Abstract Reasoning is suspect. 
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Waite (351) examined the relationships between the ability of 
college science students to perform Kagetian-type tasks ^BLbthe" fd^ajal 
operational level and their cultural backgrounds, choices^Pf majors 
(science or non-science) class levels, scholastic grades in: general 
chemistry or general physics, sexes, ages, and intelligence quotients. 
The subjects were 193 undergraduate ^tudents enrolled in several 
physical science classes ir^ tl^e University of Guam in the fall, 1973. 

The instrument used in vthe study^ consisted of five Piagetian-type 
tasks designed to measure the ability to perform at the formal opera- 
tional level, A formal operational student was defined as one who could 
successfully complete four of the five tasks. Sxx' interviewers of 
different cultural backgrounds administered the instrument after train- 
ing in a pilot study to determine the effect of administering it in 
English rather than the mothe?: tongue. The cultural backgrounds involved 
Guamanian, Mainland- American, Micrones'ian, and Asian (the latter includ- 
ing Chinese, Japanese, Korean and Pilipino) . 

TjJe results failed to show significant differences between cultural 
backgr^ound and overall performance when the analyses' dealt exclusively 
with science majors and exclusively with non-§cience majors. However, 
a significant '.diffejrence did occur when the comparison involved both 
science and non-science majors. .The Micronesians showed a significafit 
lag in ability t;o perform at tj>e formal operational level as* compared 
with Mainland- Americans. Also, science majors are likely to be signif:^- 
cantly more formal operational than are. non-science majors. But^, ^ 
significant differences were not found between college science students' 
ability to perform at the formal operational level and their class: level, 
sex, scholastic grade, age or I.Q* V ' 

^Pamell (259) tested 60 students from a large land-grant state 
university and 19 students from an urban municipal university in north- ' 
east Kansas to ascertain the . existence* of an ordered hierarchy in the * 
succesSjful completion of selected Piagetian-type conservation tasks 
related to different concept areas in a general education science course*. 
The five tasks on' the test involved conservation of (I) a discontinuous 
substance; (II) displaced volunre; (III) uniform motion; (IV) luotion (the 
pendulum); and (V) , motion in a horizontal plane. 

7^ ' 

The analyses consisted of a scalogram for testing and proposed hier- 
archy of difficulty of the tasks, a one-way ANOVAfor testing the 
relationship between the student's natural science ACT score ranks I sic] 
and achievement, and a Chi-square test to measure the relationship between 
task petformance and the student^'s percentile ranking in class and lettet* 
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grade. A Chi#sq^are test was used also (1) to measuife the relation- ^ 
8hip between /task performance and the student 's , percentile ranking^ in 
class and letter grade and (2) to measure the relat^ionship between 
task perfor^ilance and 23 conservation-related questions. 

The results indicated that the hierarchy of difficulty of the 
five taskafwas III, I, II, IV, V. A significant relationship was 
found between natural science ACT score rank and task achievement. 
But signi/ficant differences were not found between task performance 
and student's percentile ranking or letter grade in the physical 
science //course, or between task performance and task-related questions. 
No sigmtijzant difference was tound between task achievement in tiiis 
study and in related research. Two characteristics of adult thought 
were ribted: the ability of adults to' isolate variables in action but 
not in thought, and the use of scientific words and principles without 
knoviedge of content. 

/ ' ' ' 

A summary of what are already summaries seems somewhat redundant. 
Howfever, the following generalizations seem valid: 

• 

1. ' The stages postulated in Piagetian Developmental TJheory, 
with the insertion of transitional stages, seem to be 
supported by other researchers. One may suggest,, how- 
ever, that principles of human development consistent 
with those of Piaget have been fairly common knowledge 
for many decades. ^ 

2. The logical operations of classification, seriation and so 
on are probably not hierar.chically ordered as many have 
been led to believe. The abilities to perform the 
logical operations may in many cases develop together. 

3. Adolescents may not generally be so formal operational 
as Pi'aget ^has. sugge'sted. 

TJife Classical Science Disciplines. 

A number of the research studies reviewed focused mainly on the 
classic^ science disciplines themselves, rather than oh using the 
disciplines to test -various pedagogical principles and learning theories. 
Consequently, it was decided'^to include sections dealing with the teach- 
ing of biology, chemistry, earth science and physics, with the addition 
of a section on environment and, ecology. 



Biology ... , ' . 

During the 1972-73 school year,'^Penick, Schlitt, Bender and Lewis ^ 
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• • • set out to assess how a randomly selected group* of xAnth, 
tenth and eleventh grade students at the Florida State 
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Development Research School would react to a biology class 
which was both highly individualized and open. This class 
• was indivi^alized in that students could choose their own 
content and method of learning and open to the extent that 
students were free. to pursue or not to pursue this learning 
whenever and wherever they desired • 

i 

* 6 

The instructional strategy was called Student' Structured Learning in 
Biology (SSL15>, 

At the beginning, of the year the students were informed of the 
plan and were on their own except for a weekly log and daily inter- 
action between each student and one or more of the instructors • 
At the end of each: three-^week interval they were required to give 

. verbal justifications of their self assigned grades. Their activities 
Involved Soils, Animals and Physiology plus Small Things suggested by 
the^ students • A control biology class was* individualized to some 
extent and depended heavily on modules and audiovisual aids in areas 
such as Asking Questions, Reproduction and Development, Genetics, Evo- 
lytion, and Nature Study, This was called > Teacher Structured Learning 

. in Biology (TSLB) . > 

Both. experimental and control groups were administered the Toxrance 
Tes.ts of Creative Thinking as pre- and post tests. They also had inter- 
views and nonintervention observation. The analyses bf the test scores 
failed to reveal any significant differences between the two instruc- 
tional strategies, or aptitude or interaction' effect , It was claimed * 
that figural creativity scores indicated that student aptitude on the 
Florida Nintji-Grade ^est was related signif icantly^ to figural creativity, 

, It was suggested, without apparent support, that there were impor- 
tant gains in "poorly measured areas," However", the study seems highly 
subjecjrive and the sample size, apparently small, was not indicated. 
It is doubtful that the study could be replicated. 

.Falk, Malone and Linn (97) described hpw Outdoor Biology Instruc- 
tional Strategies (OfitS) develops an activity, idiscussed the OBIS 
evaluation of some OhX^ lawn activities and the role of evaluation 
development of the format presently used by OBIS* This study dealt ^ 
with an activity concerning the "lawn community,'" The -criteria used for 
developing an^OBIS activity are to" (1) increase understanding of^he 
ecosystem; (2); be appropriate for 10-15 year olds; (3). -be useful at a 
readily accessible outdoor site; (4) be appropriate for an untrained 
leader; (5*) last about .an hour; and (6) inyolve ine^ensive equipment, 

» The lawn community activity was tried out by students* arid a staff 
observer, then rewritten with infqrjnation about equipment needed, 
disseminated, and evaluated using photographs to test how well it met 
the criteria. ; • ' - \ 
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It was found that the OBIS development and evaluation resulted in 
significant changes in the structure of lawn ^activities,,; although many 
community groups had difficulty in arr,anging ten weekl/ visits to the 
lawn site. Also, the test groups generally indicated that they would 
prefer, to visit a number of sites rather than one. 

The study was unique in its thrust but the actual procedures and 
the structure of the test groups could have been described more clearly. 

Koran, Koran and Freeman (180) conducted a study 4.n a typical* 
science classroom setting using the classification concept (monocot) 
as the content for investigating concept acquisition. The basic purpose 
vas to determine .which mode of- instruction (deductive or inductive) and 
which time of exposure produced greatest • acquisition of a classification 
concep^t. Their subjects were 385' students' enrolled in 21 classes in , ' 
rtiral public high schools in North Central Florida, the classes included, 
ninth grade earth science, 10th grade biology, gnd eleventh. or twelfth- 
grade chemistry , in which th^re'^were 177 males and 20"3 .fem^les^and 165 
blacks and 220 whites. They were" randomly assigned to seven ttrpatments 
that involved the following conditions: inductive — 5 seconds; inductive— 
8 sedonds; inductive — 15 seconds deductive — 5 seconds; deductive — 8^ 
seconds; deductive — X5 seconds; and .a posttest bnly^contro^ group'. Prior 
to the tijned treatments they were shown slides that gave general informa- 
tion about plants and then were shown 20 slides, some lab'eled "Yes" an'd , 
some "No." The slides described monocots and showed three attributes of 
plants; namely, leaf variation, r^lat^e position of f ibrovascular bundles 
and a number of petals. The inductive group was asked to identify charac- 
teristics and the deductive group ^was told what they were'. There was a 
IS-second lapse' between the 20\test items. * J 

The responses '^of the students indicated that the deductive mode »was 
significantly better than the inductive for identifying^.monocots, and 
also tha^ increased exposure tfmaiwith the slides facilitates learning. 

rfarman (20,21) wanted to see value clarification would affect 
sfudent attitudes toward science and biology and would improve achieve- ^ 
merit in a BSCS Yellow Version biology coarse. A control group of 
sttidents npt taught value clarification was compared with an experimental 
group taugnt using these techniques." The subjects consisted of 77 
control and 78 experimental students in Hale Senior High School, West 
Allis, Wisconsin. Both groups were taught units in ecology, cell biology, 
genetics and evolution ufeing \:he BSCS Yellow Version, 2nd edition. All • 
students were pretested and posttested with the BSCS final examination. 
They w€»re also administered the S^lf-Evaluation Inventory (SEX) bas^d on' 
behavioral objectives of BSCS^ Yellow Version. The affective domain was 
evaluated with the Schwirian Scierfce Support Scale and the Thurs tone- 
type Affective Domain Measuring Scale . The value clarification lessons i 
based on .consideration of an abortion of a possibly handicapped child . 
and donation of body, parts, were integrated during 18 weeks of regular 
instruction.' i * . . * / 



The 'investigators claimed that the achievement of the experimental^ 
group* as assessed by the BSCS final examination and the SEI was sl^gni- ( 
ficantly greater than that of the control group. Attitudinal differenced 
were apparently no.t significantly different as measured by instruments 
for the af fectiv%. domain. It concluded that value clarification y 
improved achievement bu^ the nai^ative does riot indicate clearly the : 
basis for the conclusion. Neither was it indicated^f ^all students had 
the same teacher. ' ^ ; ^ ' * . ' 

Lee (195) tried to identify student .characteristics ttiat may predict 
success in two instructional methods used in high school biology. The* 
traits studied were test anxiety, self-concept of academic ability, • ^ 
conceptual level, stkte anxiety, previous achievement in science, reading 
comprehension, se^c, enter.ing attitudes, toward science, ^aiid* a biology pre- 
test. The /criterion variables were achievements-'in biology, attitudes 
toward biology, and self-concept of academic ability in science. ^ The 
subjects were' students enrolled in two treatment groups of high school 
biology. Treatment I consisted of a "tfraditional" lecture approach to 
instruction. The rate of , instruction was determined by the* teacher group 
.and involved a textbook orientation. Treatment II involved "individual- 
ized instruct ion" including self -pacing, individual or small group work, ^ 
and the use of instructional materials other than the text. * The 
instruments used to Measure the traits identified for this experiment 
were administered at the beginning of the study whereas those to me.asure 
the criterion variables were administered at the conclusion. The data ^ 
collected were analysed by means bf multiple regression. 

The analyses failed to indicate significant differences between the. 
two treatment groups for the criterion variables The only significant 
treatment interaction' (academic self concept* and treatment) was found 
when achievement was used as the criterion variably. 

Lawson, Blake and Nordland (187) .oriented their investigation to * 
these questipns: (1), Can the ability to control variables be taught 
to high school biology students who, on a written test of logical 
operations,' do not demonstrate formal .'reasoning? ("2) Are students^who 
are. classified as early formal thinker^ on the written test of logical 
operations able to benefit more from the training than students who are 
classified as early or late concrete thinkers? (3) If the abilityo to 
control^ariables can be- learned, is it generalizable to problems using 
novel situations? Since the subjects were high school stddents and all 
wex'c over 14 years of age, it was assumed tKat their- level of physical 
maturation would not be a facfor preventing acquisitipn of the desired 
%bllity. ; 

' ^ •\ ^ 

To seek answers to the questions, 65 high school students' (29 male 
and 36 female)^ ranging in age from 14 years 7 months to 17 years 10 
months, in a second semester biology cpurse\in Delphi High School in 
Indiana, were used -as subjects. The students from four biology classes 
were divided randomly into two groups, 33 receiving training on the * 
ability to control variables with 32 receiving no training. The train- 
ing involved materials identical to those used by Piaget and Inhelder in 
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the exclusion of ' irrelevant variables and also materl^als from SCIS 
, Eiiergy Sources ("rotoplanes*') . ~< ^ 

• . * • * ' 

The^^ students were pretested on three Piagetian tasks and were post- 
tested after trair>ing. Prior to both pre- and ppsttests they were 
administered a peijicil-and-paper test that classified student^ as 
concrete, transitional, or formal^'operational. IJJie results of the^ 
posttests showed that the subject responses were 14 percent ekrly 
concrete operational, 41 percent fully concrete operational, 135 .percent 
early formal operational and 8 percent fully formal, operational. How- 
ever, significant differences' were not found between the mean scores of 
the experimental and tl\e control groups. Consequently, valid conclu- 
sions cannot be drawn about the training effort. f*^' " . 

'Jei;nigan (158} tried to contrast the effectiveness pf five diffelrent 
Instructional units or "approaches" on secondary school biology students. 
, The approaches were (a) emphasis on group dynamics or processes; (b) 

teacher-selected articles for instruction with research periods on Ques- 
tions raised; (c) student se^lected articles; (d) behavioral objective 
* »^ structured in which students could select a team of up to. four peers to 
form peer tutor ii^g groups; and (e) the BSCS unit with laboratory 
investijgations entitled "Diversity Among Living Things." 

I The subjects were 274 students in ten biology classes in Shawnee 
Mission Soufh High»School, five of which were taught, by the researcher 
. , ' . and five by a colleague. All groups of students experienced the five 

approaches, but in a different order. The^'evaluation instruments were , • , 

an Activity Preference Sheet, Biology Preference Sheet, Checklist for 
Assessing Classroom iTiquiry Behavior, Classroom Activities Categories, 
Comprehensive Final Examination, BSCS Processes of Science Test , Semantdc 
Differential, Subject Preference Survey, and Differential Aptitude Test. 

J- The analyseis of the scores on the various instruments indiCfited that 
the use and. type of peer group relationships in a classroom setting are 
of paramount importance to students. The more prescribed the instruc- 
• tion^ the less interesting they found it. The highest ratings were for 
peer tutoring ^d th^ least preferred approaches were teacher-selected 
scd^ence articles and BSCS materials. But, students indicated they liked 
the, variety '(Jf ^ five approaches rather than being limited to the mostJ^ 
preferred. " * ' / 

From « the viewpoint of achievement, students experiencing the five 
approaches did show significant -^ains on the BSCS Comprehensive Final 
Examination in all of the classes. Significant gains were also found 
on the Processes of^cience Test in the classes of the co.lleagtfe but ^ 
--irx^^^^nOt in^. those of the researcher. A significant gain in attitude toward 
science was found in the classes of the researcher and also for science 
' as a subject p'reference in the classes of the colleague o 

•Armstrong^ (14) investigated "the biology laboratory curriculum, 
Investigative biology, used in General Biology 101 at the University of 
Colprado, fall, 1972- Jt*^as intended that the results would allow an 
/assessment of invest ;Lgative biology and evaluate^ it for possible use in 
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general biology." It was hypothesized that students in the experi- 
mental curriculum would have more interest in the activities of 
biologists 4s measured by the Blolc^y Interest Survey , more knowledge 
of the processes of science as measlirad by the Processes^ of Science 
Test , increased critical tjiinking ability ks measured by the Cornell 
Critical Thinking Test , increased laboratory attendance, more contri- 
butions to student discussions, and that there would be interaction 
between student aptitude and treatment. Th^ rfull hypotheses were 
used involving treatment and teacher, sex of student, and Mgh school 
biology background (BSCS or other) . , ' • 

Six teachers and 268, students from the University of Colorado 'were 
involved. The measurements to gather the data to test the hypotheses 
were made durak the fall, 1972. Analyses of the» results showed that 
the experimei^R curriculum had a positive effect on students' attitudes 
i toward labordlpry biology and interest in majoring in biology. Signifi- 
cant differences were not found between treatmei^t groups on cognitive 
measures. . Students who experienced BSCS biology in fiigh school 
apparently enter.ed the course with a higher interest in biology than ' 
those who experienced non-BSCS biology and also had greater interest 
in biology at the end of the treatment. ) 

Stevens and Jeveli (322) tested Epstein^s format a's^an alterlfiative 
to a traditional biology course. The purpose was t*o investigate wljether 
the technique [discussion of selected papers rather than lectures] did 
increase student comprehension of scientific processes, whether students 
did find this approach a tnore rewarding learning experience, and also J 
whether the approach could transfer as much factual informatipn a^^^a 
well-d(^^gned lecture. Seven students' in a course that included m^ors 
in biology and non-majors in biology (some with only high school biology 
background) Served as subjects. The group included three biology majors: 
one senior, one junior and one sophomore and four non-majors: one 
junior, two sophomores and one freshmai\» They 'Wre ^solicited by adver- 
tisements about an upper-level. e'5q)erimental course in contemporary 
biological ^rotilems ^ased on reading and discussion of research papers 
and performing laboratory research." 

Each week* there was a two-hour discussion and, on aaother day,^ a 
four-hour laboratory. Two topics were covered, physiological and psycho- 
logical childbirth techniques and biological mechanisms of actomyosin. 
The last few sessions were^ gene"rai' discussion. The 'student?- prepaireH/ T~ 
a final research paper analyzing the learning experience. 

The investigators 'concluded that \the mysticism the students had 
about research was lifted and that they learned to read research reports. 
The laboratory was considered to be essential to understanding the 
research papers. One can conclude that the effort was an interesting 
pexerci^^e^ but thei^e were too few subjects to draw any meaningful conclu- 
sions . , ^ / 
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Williams (364) attempted "to measure the «xt;ent of the loss of 
knowledge of chemistry amon^ physixjlogy students at Southwest College 
in order to determine the chemistry knowledge most frequently forgotten, 
and to devise a laboratory progfam which V7ill strengthen tWxphemistiy 
backgrpund and exataine its relationship to 'students in the physiology ' 
class/' . , ' w*;^. 

An analysis \^as made of the chemistry knowledge needed ±[C tradi- 
tic^al^ physiology laboratory .experiments . From this a set of integrated 
phjfciology-tcbemistry laboratory experiments was developed and ''used 
ag^^Kt a traditional manual Laboratoi;y ExpQ/riments in ^Physioj.o^gy > !' 
A speMal test of chemistry was developed t6 test the weak areas of 
phy^itJApgy and questions were formulated in eleven areas to determine 
thej.weakness. In addition, a physiolpgy test was developed. The 
siibjects were students from physiqlogy classes anjrolling from 8 to 28. 
They ware assigned randomly ^Xexperimental and control groups. The 
classes had two hours pf lecture and three hours of laboratory work 
with a total of 15 experiments, f ' - * 

The, test results showed that chemistry retention was about the same 
for , all students without regard for where they ha<i b^en enrolled, but 
there was a definite loss because students who had just completed 
chemistry got higher scores pn the chemistry test than those who 
completed it earlier! It was found that students, in the integrated 
program did significantly better on,tl!(ia tests' than the' control group. 

In the opinion of this reviewed, the study was not well writtei;i and 
it was difficult to analyze, 

^; ' , • ' 

Chemistry ' • ' 

Gemberling (116) Undertook a study "to measure student achievement 
of cognitive performance objectives which are evident in the -Ihtroducr 
tion to Applied Chemistry (lAC) program and common to most of today's 
high school chemistry curricula," The questions to which he sought 
answers were: (1) can differences in the knowledge of chemistry as 
measured by a' pretest be attributed to sex (male or female), type of 
chemistry curricula [sic] in which a student is enrolled (lAC or non- 

J[AC>,_-pr. sex.- treatments interaction? Are di,fferences--in post-test. 

cognitive achievement related to the type of. chemistry curricula [sic] 
in which a student is enrolled? (3) Are differences in post-test cogni- 
tive achievement related to the sex of the' student? (4) Is there a 
sex treatment interactioti? 

Forty performance objectives compatible with lAC, CHEM Study and 
Modem Chemist^ were' used as a basis for construction* of a Chemistry 
Concepts Test (CCT) to measure cognitive achievement in chemistry. A 
second test used was the ACS-NSTA Cooperative Examination; .High School 
Chemistry, Form 1969S . The subjects .to whom the tests 'were administered 
.were* 944 lAC and ndn-IAC students randomly selected from a larger popu- 
lation. The scores Were analyzed with a 2 x 2 factorial analysis. 
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^ ^ 5»^.*pjjg results showed that males Entered the courses^ith more know- 
ledge than females, but the'se ^differences were not found iJertaining to 
lAC or non-IAC students, or sex treatment interaction*. Significant 
differences were not found between the cognitive achievements on the 
CCT of lAC and non-IAC students. Hot^ever, the non-IAC students s<>ored 
sl^ificantly^ higher on the ACS-NSTA Mest . Significant differences 
were not found on either test on the basis of sex or sex treatment 
' interaction. . 

^ Barron (23) developed o and tested a high school curriculum^ for mathe- 

- ' matics-shy^ chemistry students. The program and materials had to be 

^ TCitten, pilot-^tested wij:h about 100 students, edited, and finally placed 
in a high school /setting. Then the effect of this program had to be 
* ' measured, evalXiated, and studied. Two years ^ effort produced «the book 

. Chemistry; Coping With Change . It was pilot-tested at a large urban 
^ ^igh school together with a laboratory manual and produced inv a soft- 
cover edition in the spri-ng and summer, 1972. During 1972-73 'data were 
collected using, the materials, with two teachers, * one of whom had two 
''groups of. 65 students, and the 'other with one of 35. The sample "Sank" 
from about 100 to 70 during the study. Measurements were made with tests 
of mental ability, reasoning in conservation, and ecochemistry. A 
teacher^^self -assessment and a /student checklist were also administered. 

Results on the Cooperating Ch'emistry Test failed to indicate a \ 
significant difference betweeri students with high 'or low numerical 
' ability, or between upper groups for attitudes on statements about 
science and reasoning in conservation. 

* " , ^ 'A 
It was concluded that mathematics-shy students will eJLect to take\ 
chemistry, that they c^n be identified as mathematics-shy, ind that they 
can succeed in a laboratory science. 

Besler (39) developed and validated ."a high school chemistrjj^equence 
that [Allegedly] will produce mastery learning and will strengtlRTn student, 
learning toward chemistry." The question to which answers were sought 
\ was, "Can a chemistry sequence be developed that will teach a. high school 
student to write and balance a chemical equation correctly afld at the same 
time strengthen his attitude_^oward chemistry?" The mastery criterion was 
defined as . a minimum of 7^percent of the students scoring 80 pefTcent to 
" 100 percent on the-criterion-posttest,^ * C 

Two ins true tionfal methods were used, the Self-Instructional Approach 
(SIA) and' the Programmed Class Approac^i (PCA) 'The'fiirst was a self-paced, 
strategy. Eighteen experimental classes were involved over three 
semesters, consisting of three experimental classes in t\i% Pllo^ Project 
during the first semester; eight experimental classes in the School Project 
during the second.; and seven experimentaf clashes in the Gity Project 
^ during* the/th^rd. Seven of the -classes were, taught by the investigator 

whereas nine different teachers taught eleven project classes in six 
^different schools. The configuration of students irf the two instructional, 
methods is not clearly indicated. » . , - 
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Conclusions from the evaluation indicated that of the 15 school 
and city project classes tested, 14 showed a strengthening of studenrt""^ • 
attitude and/or achievement of maste^ learning* 

Call (60) proposed to develop a method of presenting a CHEM Study 
type college preparatory high school course using individualized ' 
ilistruction, to describe the mode of ^presentation, and to evaluate the 
effectiveness of the individualized presentation by comparing it with 
the traditional method suggested. by the authors of the textbook in vise. 

* An analysis of research on individualized instruction was used to develop 
inethod of individualizing a high school chemistry course. The indi- 

. vidualized course and the traditional ^dourse. were taught by the 
investigator in classj&s^ at'Mes^ riigh School in Arizona in 1974. Forty- 
two students were involved. * . • • ' 

Analyses c^ere made using analyses' of covaifiance with IQ scores and 
Drevious chemistry knowledge as covari'ates with scoj^s obtained oa the 
ACS-NSTA Cooperative Chemistry Examination: Form 1965 and Form 1971 
and the Anderson-Fisk Chemistry Test^ 1966 . The results "of the analyses 
failed "to indicate significant differences in achievement in 9 of the 
14 unit examinations, although si^niffcant differences were found in 
favor of the individualized group on "5* The responses to the student 
attitudJfe survey indicated that student^s thought that the individualized 
instruction was more difficult, b*ut they ^preferred it because it. was 
more interesting. i . 

Wengert (356) attjempted to de*termii?e the predictive * influence of 
attitude toward sci^ence, se^ ^r^de level, science background, ability 
to interpret science, and overall acadiSniic performance upon the student's 
degree of self-pacing in chemistry^ The subjects of , the study were 428 
chemistry students in eight Iowa and one Minnesota hi^h schools usi'ng 
the ^Personalized Adverit;ures in Chemical Education (PXCE) curpjiculum that 
qpnsists of 20 sequential learning packages designed for a one-year 
general education vChemis try course.. ' 

y demographic information about the* students was obtained from t*ie^ 
estc of Educjitional Developm'ent (ITED), Test (Science Background) 
St B (Science Interpretation) , and composite overall academic 
performance scores T^re collected from school recorjjs. The attitudes 
of- the subjects wer^ysseatsed with a 30-item Likert-iype questionnaire 
adapted from the Schwirian Tri-S instrument . The numbers of units 
completeji by the students were used as the criterion of progress in 
self-pacing. ' - • ^ 

Analyses of the evaluations, indicated that (1) the six predictors 
accounted for 22 percent of the variability in predicting progress in 
self-pacing; (2) grade level and overall performance based on the ,ITED 
composite test score in combination predicted 21 percent of the 22 "^er- 
cent of the. variability; (3) individually, the variables' of attitude ' 
toward science, and-«tfx were not significant predict^prs*; (4) grade level 
was a significant pra(jlctor with junior's havfhg the greatest progress, 
but .botU sophomores and juniors had , significantly ^greater progress than 
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seniors; and (5) science background, science interpretation, and . * 
overall performance were significant, but individually and ii^ com- 
^ bination accounted for no more than 10 percent of progress in self- 
pacing. 

It was concluded that indicators of success in a conventional ^ ' 
classroom * are not adequate predictors of self-pacing in an indivi- 
dualized classroom. * , * • ^ ^ 

« 

Freeman (105) made use of information in ^He files of the Jeatse 0, . 
Sanderson High School, Raleigh, North Carolina in order to (1) determine 
, thfe relationship between intelligence, aptitudes, and mathematics and 
natural science grades and achieverarent in high school chemistry; (2) use 
Jhis [sic] data to develop prediction equations that could be employed 
to predict a grade in chemistry#^ ^ ' 

The data wer.e collected for 255 students who studied high school 
chemistry during the School year 1971-73 • Achievement In chemistry was'^ 
based on the chemistry grade; 14 independent variables were obtained for 
scores on the Otis-Lennon Mental Ability Test , 9 aptitude scores on the 
Differential Aptitudes Test (DAT?); and the .grades on Algebra I, Algebra II, 
nintl^ grade physacal science, and (tenth grade biQlogy, Coefificients of 
correlation and multiple regression equations were used in the data analy- 
sis. ' ' * 



The results of the analyses indicated that the scores with the 
highest relationship with achievement for chemistry with females were 
y the Algebrk II grade, Verbal Reasoning ^plus Numerical Ability of the 
DAT, and Numerical Ability of the DAT. For males the scores with the 
highest rel^ionship were the Algebra II grade, the Otis-Lennon Test of 
Mental Ability .score » and the physical science grade. * 



It was concluded that students who enroll in chemistry should have 
average or better grade in Algebra ll and grades on ninth grade^ 
physical science and tenth grade biology should be us^d in advising 
prospective chemistry students. 



Torop (341) evaluated the relative effectiveness of an individualize* 
approach to an introductory chemistry cour,se including a computer-managed 
Instructional 'sy$tem and its effect on student attitude. The study was 

^"^der taken at West Chester State College where the Individualized Leartrt r rg 
System Chemistry (ILS Chem) involving a multimedia approach was the 

- subject of the investigation. " ' ' , • 

In the f'irst part of the study 30 of 167 students in Chemistry 100 
served as an experimental group undei>the investigator whereas three 
regular sections under three different Instructors served as a control. 
These three groups met twice a week for a one-hour 20 minute, lecture and 
once a week for 50 minutes for recitatifbn-discusslon. All students were 
given the same computer-generated examination the first week, at" the 
middle of the semest-er, and at the end. All used the same basic textbook^ 
and were administered a chemistry attitude scale 'developed by the inve3ti- 
gator* ' . . . 4 ' 
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^ The ANOVA used in the analyses of the scores failed to indicate that 
the control group was significantly different from the pretest to the 
midterm examination and to the final. But, the scores of the experiment* 
tal group improved significantly at. the end of the study, The^ 
experimental group also showed positive attitudes that were signifi^- 
cantly more positive than did the control grodp although significant 
differences were not found in the beginning, 

j ^ Fazio and Dunlop (99)* had the objective of designing an instrument 
to assess the prefer^inces of college non--science majors concerning cer-- 
tadn aspects of environmental chemistry , They also sought to evaluate 
similar preferences of those who had completed sonfe chemistry courses. 
A pilot. study provided a basis for the construction of the test instru- 
ment that consisted of 28 sets of statements to which three choices were 
possible based on (1) humanistic values, (2) theoretical values, and ' 
^ 0^ technological values,* 

The test was administered to a group of junior level elementary 
education majors, small groups of junior and senior majors in- chemistry 
and biology and health scienc'e, and to 19 chemistry teachers from Western 
Pennsylvania. An ANOVA was used to analyze the scores of the groups. 

The results of the analyses indicated that significant differences 
/ were found with three sets of scores. The humanist ics scores were foqnd 
to be significantly higher for all groups. The technological scores were 
higher than th^ theoretical scores for the physical science, health 
science and elementary education students. For science majors and 
chemistry .teachers the theoretical scores were significantly higher 
than the others. None of the other aifelyses were found to be significant,^ 

Biersmith, Hinton, Normand and Raymond (41) described a study in 
which students worked as individuals in an undergraduate organic chemistry 
laboratory course and compared their achievement with those who had worked 
in groups. The study was designed to develop an alternative instructional 
program [from individual] in which group ^.nteraction was included by 
des'ign and not left to chanQ?e. ' ^ , ' 

The laboratory was divided into two sections, in one of which students 
, worked individually and in tlie second, they worked in groups of three. To 
establish the group m/stique, group members were assigned titles of chief 
chemist, labt)ratory technician and production^analyst'. At the end of eatih 
step of a multiple synthesis, the srcTd^nts were given an examinatiojv-and 
the average scores of the groups\were (compared. It was indicated that 
students ware assigned randomly tottl^/ sect ions,- ' . / 

; * ^ • . . 

The results on the examinations showed that Istudents working, In groups 
and with averages of 70 percent or lowe^ on first examinations had greater"' 
achievement on the next' five examination^^ than those working as iridivi-- 
duals, iThe small number^, however, pr.qcluded statistical significance, ^ 
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The groups, despite their composition, consistently finished ahead 
of individuals. It was discovered, however^ that group leadership was 
not always best in hands of the best students. The responses of 
students to the group act ivity,* however , was highly favorable. 

Leavers (191) described the philosophy and contents of a chemistry 
course for non-scientists in which 130 students were enrolled. The aim 
was to avoid a diluted version of the regular course, but to keep the 
xnathematics coatent to the minimutn. An/ effort was made to teach 
students that instructor^* opinions are ^iff^rent from facts and 
chemistry presents a limited view of the world, / ^ 

The contents were deterpiined largely by the students arid.dealt with 
the energy crisis, drugs, chemicals in'fooid, pesticides,- and the/b^si<J^ 
concept^ of the atom, A 20-item opinion' survey was administered ^tjie . " 
first day and another, with 'additional questions, the ninth week,. 

• It was reported that the attitudes' of the students improved "signi- 
ficantly Students believed chemistry to be less difficult than they 
•first thought ^m^nd negative altitudes towards science an\i scientists 
appear to be reversible^ 

Huston (153) investigated the questions: (1) How are student 
characteristics such as sex, intelligence, age, and academic achievement 
related to studend orientation to humanistic, theoretical, ^nd technolo- 
gical aspects of chemistry? (2) What is the influence of a teacher's 
university chetaistry preparation, length of teaching experience, and a 
significant teaching involvement in another discipline, biology, on 
•their value orientat ic^hs? (3) Does the length of t^eaching experience 
have any effect? ani (4) Do teachers wljo have significant teaching 
load in biology have a different chemistry orientation *than those- who 
do not? • iL . \ 

The subiects.in the pilot effort were presented with sets^ of ""three 
affirmative statements with humanistic, theoretical, and technological 
orientations to chemistry and were asked to rate them, similar to 
responding to the Kuder Preference Record , The test was then revised. 
The Sample in th^ final investigation to whom the test was admitiistered 
consisted of 120 students in grade 12 cheiqistry in London, Ontario, and' 
39* chemistry teachers f rom^ the same school system, Backgrolindf informa- 
tion was also collected on the teachers and students. 

Analyses using and r failed to indicate significant relation- 
ships between value orientations an3*^student I,Q,, GPA' or chemistry 
grade. It was, however, found that girls have significantly ^.greater 
humanistic orientation t;han' do boys, boys have significantly greater 
technological orientation than do girls, an(i' teachers tend to be 
theoretically oriented, Al^o, teachers with the greatest teaching ^ 
experience evidence less theoretical but morS humanistic and techno-* 
logical orientation than those, with the least teachii^g experience. The 
concomitant teaching of biology appears to be associated with a^lower 
theoretical but a higher technological orientaJ;i8n on the part of 
teachers. 



I^empa and Ward C168) examined the effects of three differei^t 
modes of task orientation on observational attainment in chemistry, 
The modes were (1) an open-^nded approach in' which no cuing was pro- 
^vided; ^) a partial direction in which, the* student recfeived some 
cuing; and (3) a checklist approach' in which observational" tasks 
were carlried, out in accord with a comprehensive schedule that listed 
"all possible observations," Observational attainment was measured 
by the sifccess race of a student's making observations, with two 
types of errors consi^er^d, errors of omission and Illusory errors; ^• 
namely, those in which the student "fails to observe or observes 
what isn't," ^ * 

The subjects were 140 fourth-year "0" level chemistry students 
from three schools that were assigned randomly to the three .treatment 
grpupa. Two pretes;:s were given, a chemjlstyy theory ^test, and a 
color vision test since the observations involved color discrimina- 
tion* »Ten observational tasks involving test tube reactions such as 
color changes, formation or disappearance of ^solids, ^liberation of 
gases, and temperature changes* were used. The number -o£ observations 

to be made ranged fnrom zero to nine, ^ 

\ 

The results indicated that students in the checklist group were 
most successful on the observational, tasks Whereas students in the 
partial cuing group were least su*cessf^l. It was also noted that 
omission errors increased gignif icantl^ as the ^observational tasks 
became more complex, whereas illusory errors increased byt not signi-" 
flcantly* The checklist mode produced mote illusory errors although 
it seemed best for high ob.servational attairimenf* ^ ' 

An analysis of these reviews of chemistry studies indicates an 
increasing interest in^ courses of applied chedistry knd for non- 
Vscience majors. Also objectives other than Subject matter knowledge, 
such as value Qlarif^cation and attitudes, are getting the attention, 
f researche^*^^ ^fS^ » 

Earth Science \ n 

, Despite the growing i^itj^rest in ea"^'&^ science , ohly^ive studies 
were founds in this particul'ai* category./ 

Scott (303) attempted tq develop a model course- in earth science 
for the junior high school in Idaho. Pertinent materials related to 
earth science education were r^^;riewed, revised and modified^ and an 
*J«exemplary" one-year trial curriculum of twelve units with five 
methodologieis wafs developed. . The' units of the ,codrse were" apparently 
preceded by a one-hour survey lesson aftei^ whicH* materials wd re dis- 
tributed. The students viewed films, took notes, were administered 
short-answer questions, and were given problems activities and . 
experiments exemplifying t» ^'investigatory component/* 




The^ subjects involved were five earth science classes of appfoxi- 
mately 150 students during the school- year 1973-74, TJie evaluation 
consisted of measuring, scoring, and'-irej)o'rting evidence of student ^ 
accomplishments • Part of the accomplishments were the points students 
accumulated on the* Earth Science Uhit Reports they prepared, on notes 
they had taken, and on tests they were administered. It was claimed 
that the students thought note taking was worthwhile and students, 
parents and administrators were positive about the adaptive eVfort. 

The purpose of the Suggs (327) study was to seek answers to three 
questions: (1) What are the major areas of divergence among goals 
among^gfofessional groups engaged in astronomical education? (2) What 
are the major areas of consensus among professional groups engaged in ' 
astronomical education? and (3) What conclusions can be drawn from 
questions (1) and (2) which have implications concerning the nature 
of curriculum materials and teaching in astronomy? 

Tfjie Delphi Method was used with three groups— research astronomers. 
Planetarium educators and physics instructors — to' gather data for 
answering the questions. With the DelpW^ Method a "panel of experts'^ 
replies to questionnaires, the first co^KLifeted in isolation and the 
others with the knowledge of the responses of the experts. The- initial 
round is to generate goal responses to open-ei\ded questions and those 
of the second round are circulated with the responses of t^he group ^ 
members who are asked to rank order the responses. On the third round 
respondents receive a compilation of the rank orders of the group and 
are asked to modify their own views or justify a "minority opinion. *The 
questions in thfr study by Suggs .^were: (1) What do you perceive as the 
future" of secondary school or introductory college astronomy? and (2) 
What do you perceive as ,the most effective way of teaching astronomy 
for secondary school or introductory college student's? ^ ' 

The results indicated (1) the growth of descriptive college 
offerings and mini-courses in* secondary schools, (2), the lack of 
content astronomy in' teacher education programs, (3) the need for 
' better^ dissemination of astronomy materials, and C4)- the relative 
non-acceptance of innovative teaching formats. >^ 

Copeland (73) surveyed night geology offerings iit continuing educa- 
tion programs in community colleges in the states of Arizona, California 
^Colorado, Nevada, New Mexico, Utah and Wyoming." A questionnaire purvey 
conducted with 152 community colleges provided the data. 
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The responses indicated that (1) the most frequently taught night 
geology course "was physical geography, (2) the night- offerings were * 
more varied than those offered during the day, (3) at least one geology 
course w,as taught in ea,ch of the seven states with 50 different courses 
being named, (4) 112 of the 152 colleges offered night geology courses 
of which eight offered them on a non-credit basis, and (5) thSre has 
been a 45 'percent increase in enrollments in these night courses. 
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Passow (260) in an exploratory study, developed and evaluated a 
new program for teaching college introductory earth science. Although 
within the usual framework of traditional courses, the program differed 
from the traditional by focusing on the needs, interests and abilities 
of the learners,' rather than the organized content of the discipline. 

The^articipants in the study were 39 students enrolled in a 
physical geology class at Fairleigh Dickinson University, Rutherford, 
New Jersey in the Autumn LR73. Data concerning the enrollees indicated 
they were mainly first- and second-year student's seeking to fulfill 
science requirements for gradua*t;ion. The unifying theme fo?- the three-: 
week instructional unit w^s "Water Resources." The weekly two-hour 
lecture and two-hour laborajtory sessions dealt with water and other . 
geological cycles, surface and subsurface water, water budgets, geo- 
chemical cycles, topographic maps, land use ^planning, flood control, 
and rock studies, r 

« 

The evaluation of achievement was based mainly on parallel tests, 
used as pre- and posttests, prepared especially for the study. The 
results indicated that substantial content learning pccurred. However, 
no basis for comparisbn .with students in traditional courses was 
provided. 

Affective cpjisiderations were evaluated with a Likert-type sc^le 
prepared especially for the study. Seventy percent of the students , 
reacted favorably and 20 percent were neutral* It was concluded that i 
the program studied offers a viable alternative to traditional 
approaches. Without some specific comparisons, the vali'dity of the 
conclusion can" be challenged. 

Moyle (230) developed an innovative curriculum for introductory 
geology organized around an analysis of^ertain aspects of the 
history of geologic thought, using the philosophical principles of 
Henry Margeneau and Thomas Kuhn. The fociis was on the evolution of 
thought froip Genesis to global tectonics with the intent of causing 
students' attitudes about conceptual change to become more neutral 
and increasing their openmindedness. The project involved the 
development of laboratory exercises, a book of selected primary 
sources, and^ a teacher's guide. 

The curricului was evaluated in a pilot field study with juniors 
and seniors J.n a suburban high school* ^e, study was claimed to have 
produced improved curriculum materials, but the h/potheses presumably 
based on changing studeats' attitudes were not rejected at the 5 per- 
cent level. It was indicated that controlled research on the probliem 
of this study be extended. , , ' # 

tlie reviewer believes that the .last four studies related to 
earth science were clearly reported. 'They did deal with innovative 
efforts which is laudatory.' However, the lack of controls in some 
of them' makes the conclusions suspect. 



- Physics 

Houlihan (1A6) evaluated an innovative instructional approach for 
high school physics that involved learning materials in a textbook, 
written by the investigator, for an, experimental course. The material 
is based on five conceptual categories including "Newtonian Physics," 
"Energy," "The Field," "The Wave," ^nd "Modem .Physics." The organi- 
zation emphasizes underlying, concepts and the retention of essential 
facts while eliminating nonessential concepts and anecdotal learning. 
This organization is claimed to constitute an application of the 
' investigator's functional approach which included the organizer 
framework suggested by Ausubel, . ' 

The subjects were approximately 70 high school students 'from 
the Chicago area in the 1973-74 scTiool year who were taught by two 
participating teachers in an experimental and a control group. 
The teacher variable was provided by the control group and the other 
variables included the academic abilities and initial interest areas 
of the students • The design involved the evaluation of both cogni- 
tive and affective factors. 

Results from the covariate -analysis of test scores indicated 
significantly superior cognitive achievement for the experimental 
group in "The W-ave" and "Modem Physics," whereas the results for 
the experimental group were inconclusive. Questionnaire. Responses 
from both classes indicated that students considered the functionally 
oriented activities ^s being most valuable, and that the solution of 
sample problems and review in class were most helpful, 

/ 

Huegel <150) searche4 for the interrelating factors among several 
previously used classroom'observational systems, s^^ifidally those 
of Bellack, Anderson, and Oguntonade. The common^ factors were then* 
used to prepare a multiciimensional observational system for use in 
describing cognitive qualities of teaching presentations recorded 
during parent study entitled Teaching Physics! Current Trends and 
Practices . ^-The system was also used to describe the cognitive quali-, 

rties of selected lessons to (1) identify some of the variables 
therein; (2) look for normative patterns- and compare these'with the 
V^findiAgs of pr-vious studies;, and (3) establish the validity of the 
categories used in the observation instrument. ^ ^ . . 

Twenty lessons were selected according to topic and then analyzed 
using Anderson's kine't ic-st rue ture^ technique. Kinetic structure 
xefers to the extent to which there are sequence and r^ational linkages 
between the elements of • learning experiences provided by the teacher. 
The four that ranked h*ighest and the' four that ranked lowest were then 
analyzed more critically • The analysis involved further study of 
kinetic structure and for Oguntonade 's "syntactical" level categories, 
including encounters, meanihgs. and ^/stems. 



It was indicated that', as a! limited exploratory study, the f indr^ 
>ings,.are more conceptual and suggestive than definiti||^^ However, 
some findings were (i) significant differences were ijo^found between 
discourses , in high or low kinetic structure, (2) there were no clearly 
distinct patterns" between high structured. and low' structured spans of 
discourse, ' (3) higher structured' lessons involved less student inter- 
action than low, (4) high structure teachers used fewe^ content 
specific terms but usfed>*these more intensively than did low structure 
teachers, (5) significant relationships were not found between kinetic 
structure and substantive logical meanings, and (6) 20 percen.t of 
discourse in high structure and 27 percent in low structure yas devoted 
to assignments, materials and procedures. (Simple terminology would 
have made this report mpre readable,) * ' • ' 

c ^ Driskill (91) sought to idefitify and-ord^r ^idrities in high 
school physics education for the; decade 1975-85 and to identify factors 
both enhancing 'and inhibiting to' the realization of these, priorities. 

A modification of the Delphi forecasting technique* was used, 
consisting of four rounds of mailed questionnaires to two groups: ^ 

(1) 11 university physics professors, physics educators^, and science ^ 
educator^; and (2) 100 irandomly selected high schot5l physics teachers. 
The participants identified and ranked prioritiies" for high school 
physics education that were reduced to 15 for the next round. In the 
second rovudd both groups ranked the 15 priority statements in orde^? of 
their perceived importance. TheAesponses were analyzed to determine 

a meaa^rank and SD for each prWrity item. In. the third round, Jail 
participants were, asked'^to ^r^^valuate their original rankings in 
light of information about thV total group mean rankings* in the seconcj/^ 
round. They were asked to change their rankings to conform with »those 
of the total group or explain why they did not change. The 15 state- 
ments were then ordered into ja hierarchial arrangement ; tin found four 
the participants were -asked to identify factors that would Enhance, 
and those that would inhibit, the realization of the priorities. 

The analyses involved two-way analysis of {variance by ranks, 
coefficients of correlation, and tHe coefficient of concordance. The 
analysis indicated great agreement in ranking the priorities, the 
highest to make physics more appealing ^and interesting to students. 
Other priorities with high rankings were: (1) emphasize the investi- 
gatory nature of physics; (2) improve teacher competence; and (3^ 
emphasize. the social and moral dimensions of physics, the coherent 
structure of* physics, and .the practical nature of' physic*s.» 

The -report df , this. invest igstt ion was one o^ the most coherent 
this reviewer -examined. 

. True (34?) indicated that the purpose of his study was to (1)' ** 
determine the a^eas of ..student d^ifficulty in solving physics problems,- 

(2) compare two different types of prob^lem-solving instruction as to 
their effectiveness, and (3). analyze tfc^e problem-solving approach 
used by five successful problem solvers and .five students who* 

enerally had difficulty in reaching a solution. 



The subjects were 112-high^school physics students who were given 
a diagnostic test including mathematical operations, physical concepts, 
and physics problems; After the diiagnostic test, ^6 of the students 
received instruction in Polya's heuristics [encouraging the students 
to discover for themselves], 42 received instruction in Daniel's scan- 
tling of properties of the elements in a problem, arid the remaining 24- 
students, .who served as a control, ^received instruction in ptoblem 
solving without the specific use of any heuristics. The three groups 
were given a problem-solving test after one semester of instructibn; 
an ANOVA was used to test 'for differences. In the third part of the 
study, the five successful and five unsuccessful problem solvers were 
observed and questioned as they thought^ "out loud" while attempting 
to solve a problem. ** \ 

« 

The results of -the diagnostic tests indicated: (1) a student's 
lack of knowledge of*, physics concepts has about the same influence on 
problem-solving ability as does lack of mathematical skill; (2) many 
students knew the mathematics and understood the physics concepts 
and ,still couldn't solv^ physics problems; and (3) many failures in 
problem solving came from errors in mathematics, lack of knowledge, 
carelessness, use of incorrect formulas, and applying wrong principles. 

. , i. * ' 

Both experimental group^ scored - significantly better on scores on 
problem-solving tests th^n did the control. ' Jlowdver,' the* experimental 
groups did not differ significantly. The analysis of* the five success- 
ful and five unsuccessful problem solvers indicated that the ' 
successful made greater use of heurijstics than did the unsuccessful. 

The reviewer applaifds this study for being well organized and well 
reported. • , - * 

Hoggfard (143) at'tempted to encourage more non-science students to 
enroll in introductory college physics by using a mini-course approach. 
In the approach the student could 'elect short courses, offering ojie 
semester hour of credit, that were' developed from historical, ^contem- 
porary and theoretical sources. Each student. was required to Jtake one 
mini-laboratory course along with as many classroom mini-courses as he 
wished. ' » 

> 

Enrolled in the mini-coursed were 370 students ; .enrolled in the 
regular Physics 1005 - Survey of Physics at Southwest Missourf^ State 
College class were 95 students. The students were given pre- and post- 
tests in the processes of science and scientific attitudes, ^n 
addition -a factual test and attitude toward class presentation instru-s- 
ment were administered to students iri the. mitil-course group that 
finished five of the bourses. » * 

The analyses of the scores indicated that boOh groups. gained 
significantly in knowledge of processes of science^ But/, significant 
difference^ were not found between the mean scores on Scientific 
attitudes of the two groups. The factual knowledge Vf the Ph^ics 
1005 group was significantly .greater than- that of students in the ^ 
mini-courses. It was noted that the numbers of women enrolling in 
physics increased significantly with the availability of mini-courses. 
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Hilbelink (141) gathered information coQcerning physics instruc- 
tion for engineering technology students from the professional- < 
literature, pers'onal correspondence with leaders in technical 
education, and a survey questionnaire to representative instructors 
and technical school administrators at institutions with at least one 

^engineering technology program accredited by the Engineering Coundil 
for Professional Development. The questionnaire sought information 

,jibout current programs, unfulfilled needs, desirable innovations, and ' 
probable future trends, in physics instruction for the target group. 

'Analyses indicated only one significant curriculum development 
prq^^ct in physics for technology students, namely, , the Tech Physics 
Project which uses a modular "hands-on" approach and behavioral 
objectives* But, there are no journals or channels of communicatioir 
routinely available to faculty and administrators that deal with 
>curriculum matters in these programs. - ' 

Curreii^ instructional patterns in physics for technology students 
are best described as "classical" although they are characterized by 
examinations that emphasize engineering- applications rather than 
general principles. There does not seem; to be- general agreement among 
physics instructors and faculty ,in engineering technology programs 
about the appropriate content of the physics courses for engineering 
technology students; neither does there seem to be" much student, input. 
There does, however, sefem to be general agreement; that the liberal arts 
physics course is not gener^ally appropriate and both groups recognize 
the need for addrtl'bnal "hands-on" learning experiences. 

Lillich (198) attempted "to" determine whether cognitive structure 
would be useful as ^a predictor of an individual's achievement or satis- 
faction in Project Physics Course classes; and to deterrainer-^relation- 
shipsrbetween f'sic] cognitive preference, * prior knowledge of physics, 
and two dimensions of classroom learning environment. Goal Direction^ 
and Goal Satisfaction." * 

In order to 'ob^*ain data, a sampl^ consisting of one class was 
chosen randomly from classes using Project Physics from each of 21 
secondary schools in Ohio. The sample, included 293 males and *101 
females, wit;h all teachers bein^.male. The study extended from 
.September,* 1972 through May, '1973. A Pupil Achievement Test (PAT) -was . 
administered as a pre- and posttest for measuring ^ins in cognitive 
achievement. In addition, -the students were administered the Cogni- 
ti ve Preference Test (CPT) , the Learning Ert^ronment Inventojg;!^ (LEI) , 
an^' the Student; Questionnaire all developed and used by the Evaluation 
Group of- Harvard Project Physics. 

The analyses were made with canonical correlations to relate the 
acores on the PAT pretest, CPT, and two of the 15 LEI scales as pre- 
dictors to regression-adjusted PAT gain scores ^nd individual 
satisfaction scores. The analyses indicated that (1) there was signi- 
ficant relationship between cognitive preference and achievement *for 
both males and females, (2) individual satisfaction with the course-r 
for males the significant relationship was noted net^/een preference 



for science facts and individual satisfaction, (3) individual percep- 
tions of 'group satisfaction for both males and females, (4) individual 
perceptions of the classroom jlimate dimension of goal direction for 
both males, and females, and (5) prior knowledge of physics for both • 
^ males and females. > ' 

* ' ' * ^ 

It was indicated that restraint should be used in making inter- * 
|>retatdx)ns because of high interrelations about the various Scales. 

Leboutet (192) presented a narrative review of the application •of 
research in learning to physics education. He claimed that the 
research indicated an emphasis on learning of concepts, the organiza- 
tion of , knowledge, and progrannned learning. His recommendations for 
researcljl included (1) the analysis of the content of physics in ten^s 
of learning tasks, (2) better understanding of the child's and 
adole3<:fent 's capacity for learning ]>y memory, (3) preconceptions and 
their elaboration in the courst of. learning, (4) fhe operations of 
logic, /and (5) scientific language and thfe learning of physics. 
fl>eliv^ed in 1975, the paper is hardly more than "armchair philospphy.") 

Nelson and Dietrich (237) expressed concern, as many have, with 
declining physics enrollments. "In searching complex systems for ^caiise 
and effect relationships, [they stat^ that] it Is first necessary' to 
identify variable^ which might interact and affect ea^h other. -This " 
paper probes Into data gathered in a previous study in order to iden- 
tify variables whj.ch could be manipulated in' a future study in Order • 
'%o establish a causal relationship." ^ , 1 . / 

- - ^ i * • 

During 1969-70,' Wisconsin high sqhools offering physicq were 

• * ranked according to the percent of the student body enrolled in 

physics. The top, 17 enrolling 25 to 51 percent and the bottom 1& 
enrolling 3 to ^12 percent were .selected for analysis. Questionnaires 
were seht to the principals and physics teachers, visits were made and 
students were interviewed. Interviewed were five students selected 
from those enrolled in physics classes and five from the twelfth grade 
list who were not. Data were sought on numerous characteristics of 
students, teachers, classroom techniques, physics students, student 
physics grades, student science GPA^s and overall GPA, and information' 
about those who recommended that students* elect physics-. * Twenty 
Indices were analyzed with r^ and regression analysis. ^ 

The results indicated there was a negative Correlation between 
students planning to go to college and enrollments in physics. r It 
was ^noted also that schools with less adequately prepared teachers 
had lower enrolliHents . There was a positive relationship between 
enro'llments and recommendations from adults, including counselors and 
teachers, for the student to elect physics. The higher enrollment 
Schools apparently had more stringent grading standards, apparently 
course difficulty *did not seem' to cause low enrojLlmen^s. The 
counselor's recomnfendation, however, seemed to be the only signifi- 
cant factor in high enrollments. 
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Many of the studies reviewed for physics education seem to be 
concerned with low enrollments and the^ nee^ for Inore appropriate 
content at both tlie high-school and postrhighrschool levels. Y^t 
it's interesting to note that these concerns^have existed for 
decades and little seems to have been done to aileviate them. 

j Environment and Ecology ^ 

Although environment and ecology are among the "hot" social and 
scientific concerns*, only four research studies were found that were 
addressed to these tropics; 

Trent (342) investigated two questions: (1) "Are colleges of 
education and state depjartments of education increasing their involve- 
ment in environmental education?" and (2) "What are the trends, as 
pereeived by colleges of ^'education and state departments of education?" 
The data were collectecf for the period 1970-75. It was decided not 
to include this study with theT other historical studies because of the 
short time span involved. - * - ^ 

Questionnaires were developted and sent to fifty state departments 
of educaticTn and to a random aamplfe of teacher education institutions 
listed in the 1967 AACTE Yearbook . The questionnaire to teacher 
education institutions sought information about methods*^ courses in 
environmental education, content courses in tRa,t/area, faculty involve- 
ment', inservice activities, and the availability of majors and minors. 
The questionnaire to state departments of educ^ation sought information 
about the appointment of state directors, the existence of state plans 
for environmental education, availability of state monies for inservice 
workshops, and the level of development of ^st^te programs. The 
responses received in December 1970, January 1972, February 1973 and 
February 1974 were tabulated arid analyzed u^ing the- Chi-square statistic 
to assess differences. About an 80 percent response was received from^- 
the state departments, but apparently less than 20 percent from teacher 
education institutions. , ' * ' ' 

The responses indicat.ed that most states had -a coordinator and 
used federal funds , to support programs; less than 50 percent of the ' 
states had a full-time coordinatof, a syllabus or a certifiable^ teach- 
ing major. ^ It was indicated that there were significant iuereases in 
state materials, production ot syllabi and use of state monies, but 
there, had been a "leyeling-of f " over ti^e period. The 1970 data for 
teachet education institutibns indicated that the majority vJere nOt 
offering methods courses but were offering content courses; A signi- ' 
ficant change was not evident from 1970—72. From 1972—73 there was 
a significant increase In methods courses offered. There were also 
/ significant increases in ^afeulty involvement in federally-funded * 
environmental education projects and in the number of ^colleges/^f er-, 
Ing majors or minors. ^ 



The Sarnowski (300) stu4y had the purpose of developing and 
validating ah instrument tfo asses^the' value perspectives of students 
through alternative approaches tow^d environmental solutions. He 
hypothesized that envi^ronmental vaxues differed from general values 
and therefore an instrument used to measure one should produce 
results different froip those of* an instrument used to measure^ the 
other. , . , ' ^ - • 

The environmental values instrument consisted of 20 environmental 
problems representing abusage .and pollution probl^' yes ul ting from^ 
agricultural, building, energy, transportation an <y private practices 
that result in biological and -psychological harm alP living things'. 
The Environmental Values Inventory (EVr) , written in an "ix^then" 
format, required the ranking of responses for five value dimensions 
(aesthetic, economic, political, social, and theoretical'') similar to 
the mode for ranking the items *on the modified Allport-Vemon-Lindzey 
Study of Values (AVL) that was used to measure general values. The 
'instruments, -plus other inventories, were administered to 555 ninth 
and twelfth grade students from urban; suburban and rui^al schools. 
Data were analyzed and attempts were made to determine relationships 
between the test scores and general values and variables of sex, age 
and' geographical residence. ^ y 

^ Theri^'^ere significant relationships betweeti factors on the 
EVI and AVL. However, consistent simila'rities were nol found for the 
responses among the urban, suburban and rural subjarts. The investi- 
gator concluded that the EVI was a valid' instrumeffTvand recommended 
Its further use in the assessment -of students' environmental values.- 
It was somewhat difficult to determin'fe from the report how firmly this 
conclusion couljl be supported unless further investigations were under- 
taken. ^ ' 

^ Sh6ema^:er (307) listed four purposes for his study: (1) provide 
^^a set of field exercises tHat would assist the secondary sjcience 
* teacher in the teaching of ecology; (2) develop an evaluative tool 
which could be used by tethers to determine the teachability of the 
field exercises; (3) compare the performance of an experimental group 
with that. of a control group;, and (4)* compare the perfprmance of 
students on the Ecdlbgxcal Conceptual Knowledge Test before and after 
the field study exercises ♦c; * ' - « * , ' ~ 

Consultants were u^ed to develop fierld exercises in (1) Aquatic 
Study: Pond or Lake; (2) Entomology Study; (3) Habitats: A-^ield 
Study; (4) Small MatanaX Study; (5) A Comparative Study of Two Con- 
trasting Environments; (6) What is Man's Natural Environment? and 
,(7) Field Research Project. The exercises were^ evaluated for their 
teachability the basis of responses by teacher? to a checklist 
and the progr^s made by students a^ indicated by gains between the 
pre- and post -Ecological Conceptual Knowledge Test . 
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An analysis of the dat;a indicated: (1) a syhthes;is^^ proeedufes 
and techniques that. illustrate ecological concepts was accomplished; , 
(2) ecological concepts can be presented effectively at 'the secondary- 
level through field exercises; (3) students who participate in 'field 
exercises have a better understanding of ecological principles^han 
those who do, not; and (4)' the field exercises were judged to be 
teachable by experienced biol^ogy teachers. 

Thles (338) was concerned with outdoor-environmental education \ * 
programs and undertook a study to (1). determine 'efficient procediures' 
fox operating a residency outdoor-environmental program; (2) detertaine 
subject matter, instructional materials and teaching techniques for 
an interdisciplinary curriculum; (3) , establish personnel needs and 
procedures for^ environmental programs; -and (4) ascertain the adminis- 
trative and supervisory roles best suited to the objectives and 
programs of outdoor-environmental education facilities. 

Information was gathered through two l4-week internships^^ 
eijvirohmejital centers fend 65 visits at outdoor-environmental pVograms 
In 16 western states. During these- experiences daily logs were kept 
and the salient ideas were abstracted for. the preparation o^ a 
leader*^ manual. ^* 

The information gathered led the investigator to conclude that 
(1) universities should include outdoor-environmental education ^ ^ 
courses in cour^ of f ei%igs ^ot teachers; (2) environmental programs 
are weak if riot Untegrateci with ort-going educational curricula; (3) 
better training programs ^d certification requirements need^to be • ' 
y develop^ for leaders 6t these programs; C4) many facilities, are^ 
^outmpded^^a^d* need, upgrading;^ (5) inquiry me^hocls with hands-on. 
student ^f^i4itie| need to b.e developed for sudh pr^grams;^ and (6) 
the currei^rpLn teres t ih environmental education needs to ^e exploited 
for prpgram .support . ' \ * ^ :><^ ^ * / 



The fe|frstudlfes published dp ™t al];oW ^br valid comparison of 
findings. However, tacitly or dfre^^y, a^l of them indicate the 
need for hands-on, outdoor environm^^ntal^^^tivities. ' : 

. ^' \ • K ^^^^^^ \ . - 

Who Does It? The Teacher * 4^ 



Thl§ reviewer believes precedin^^eviews-yrhave- considerab^;^JLess 
significance, than the ones in t^is section tlfat^ ideal with the only . 
irreplaceable learning strategy — the *|eacheri Foi? coherence, the 
• reviews have been placed in ^our. categories: " (1) Teacher Character- 
istics, (2) Teacher Training, (3) Pre^ervice E:eperiences, and ^^4) 
. Inservice Experiences. There Is obviously* some overlap among - • . 
sections, but the scope of each section willfbe described prior' to 
a review o.f fthe related stjudies. - ' ^ 
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Teacher Characteristics? ¥ ' ^ ' . . 

The studies reviewed in, this section deal mainly with the selection, 
employability,' behaviors', perceptions and productivity of science 
teachers. Two in particular dealt with selection and employability • 

^ Nelson (235) attempted to answer four questions related to teacher 
selection:, (1) What effect does the credential have on a caniH.<^e's 
ranking for employment? (2) Which information in the prototypic*creden~ 
tial is most useful in ranki^ candidates for employment? (3) Which 
prototypic credential provides the most confidence in teacher ranking? 
and (4) What do p^tejitial employers look for in a videotaped teaching 
sequence? \^ * * s ' 

In order to gather data to answer the questions, a sample of admin- 
istrators and spience supervisors from Wisconsin was asked' to^ partici- 
pate ±^ the study, and 32 agreed. They consisted of six science teachers 
or science depaiftiment heads; seven personnel directors; six principals; ' 
six assistant superintendents; and the remaining seven, miscellaneous * 
staff' personnel such as cobrdirmtors of personnel .or directors of 
operations. All received credem:ials of four biology and four chemistry 
students who were plani^ng to teach; they were asked to rank the creden- • 
tials from least desirable to most desirable on a, scale of 0-6. There 
were seven types of prototypic credentials, .W (written letters of 
reference, course types, grades and assessments of directed teaching), 
0 (performance in seven areas of objectives and comparison^ w^ith other 
beginners), V (videotaped discussion, lecture and laboratory sessions ^ 
Involving the students) ,^and combinations including 'WO, WV, OV and WOV, 
Seven groups of four were ranked with different prototypic credentials. 

^^The results were analyzed by rank-order correlations and Kendall *s 
Coefficient o^ Concordance. - It yas found that as credentials became 
more representative of teaching performance, there was greater agjree- 
inent in ranking candidates ; as more information about the candidffte^s 
teaching ability is provided, the . railings 'of those who see prototypic 
credentials are in greater agreement with rankii^gs of individuals who 
actually see the applicants teach. There seems to be little relation- 
ship between claims on credentials of teaching^ ability and. rankings of' 
desirability for employment. » There was greater agreement in ranking 
biology candidates than in ranking chemistry candidates. In brief, 
the greater ^he information, supplied and\ the more closely it matched 
the teaching behavior of the candidate, iihe more consistent were th6* 
raijkings. Also, potential employers were mo^t concerned 'with informa- 
tion about classroom behaviors . \ i''^ ^ ¥ ?t 

Tamppari and Johnson (336) attempted to gather specific information 
fronf prospective employers of sciencfe' teachers* which ^ould be used by 
teacher- training in^itutions to better- adHse and prepare science 
teacher candidates. A "science teacher" yas defined as anyone who 
wpiild teach any of the sciences in grades 7^12. 

' Thete i;ere 2771. schools ide^tifi^ed from the educational director- 
ies of the states of Arizona, California, Colorado, Nevada,^ New; Mexico 
and Utah. The schools were categorized as Metropolitan, Metropolitan 
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^ 

Other, and Non-Metropolitan using the Standard Metropolitan "^atHsti---^ 
cal Area (SMSA) System; those w;Lth fewer than 270 students were not 
considered in the study. Questionnaire^ were sent to a stratified 
^random sample of. 10 percent of the schools in each of the three 
categories. Questionnaires were mailed to 277 schools, and 168 
usable replies were received.* Information^ was sought about att^ri- 
•bates administrators look for and weigh when considering candidates 
for a science position. The attributes appeared as items on the 
questionnaire and were judged on a scale of 1-5 • ^ 

V The responses Indicated that the highest attributes^ were (1) 
high mptivation for secondary science teaching and /capability of the 
candidate to communicate that motivation to_]iiarlng officials and 
Students;. (2) brtoad training., in the sciences rather than narrow; . 
(3) successful student teaching experience; (4) the ability to relate 
sc±fence concepts to practical applications^ (5) ao^ above average GPA 
but not ne^c^ssarily a superior one; "(6) experience in working witli 
adolescents/ in teaching situations; (7) training in science edt/cation 
methods; and; .above all, ^,(8) good communication skills; Little weight * 
wa# givei^ 'to professional education courses,* to participation in 
college ^activities, or rapport with othey teachers or supervisors. 
There was a prefe^;:ence for the MS over the MAT or MEd, but the BA was 
preferred overall. ^ ^ 

It- is interesting to note -that these last two studias complement 
onp anot-her in that one describes . the desired attributes and the other 
gives information about the' most suitable credentials to provide that 
iiiformation. / ' » ' * 4^ 

Classroom behaviors and practices and their r.aiationships to 
teacher characteristic^ are the coacecmsxof the nexT^nln^studies. 

Nelson and IThite (234) indicated the ptfrposes of their studj/ as , 
being to: (1) identify relationships betweeh elementary 'sconce- 
teacher variables and the sciems^e-Eeacher practices used; (zf^hypothe- 
size a model feo describe and explain the complex i;elationships between 
elementary science-teacher variables and the science-teaching prac- 
tices used; and (3) t^crt tiH^ hypothesized model explaining the ^ 
complex* relationships between elemen£^t:y.,^ienc^- teacher variables 
and science teaching practices used. ^ ' 

The population consisted of a sample of 2948 of the public elemen- 
tary schools. in the Midwest, New England and Southwest regions of the 
United States during the 1970-71 school year from which 1444 positive 
responses were received for participation. Questionnaires that sought 
to elicit information appropriate to the purposes of the study were 
sent to -all the positive respondents and usable data were obtained 
from 880. A model waa developed usiAg tl\evMidwest data- and a ques- * 
tionnaire was developed with 128 variablj^/ that were later reduced to 
eight interpre table ''variabiles by /actor analysis. A path analysis 
model was used to represent associations among the variables, and. ' 
thes^ were used to compute path degression coefficients.^ - 



The results of the analyses indicated that innovative science 
teaching techniques :may have been influenced by funds available for 
supplies after teachers had inservjce. training in science; the same 
seems to be true for adopting course content improvement programs. 
When funds were "high" the use of course content improvement programs 
was low'>y experienced teachers but "high" by inexperienced 
teachers. It was concluded that^j?ast jCtiservice experience was not 
enough to get experi^nted teachers .to use course content improvement 
programs.. Another conclusion may be that the .experience gives 
teachers the wisdom To avoid course content improvement progr^ if 
they are not perceived to be vehicles for teaching elementary science. 

Strawitz (325) investigated the relationship. between dogmatism ' 
and the beliefs of preservice and inservice elementary teachers about 
teaching science. The data were gathered in 1974 by administering 
two instruments to 61 elementary education majors and 32 inservice 
elementary teachers at Louisiana St^te University after 13 v^eeks of 
Instruction. The preservice teachers were in three undergraduate 
science methods courses and the inservice in two graduate science 
methods courses. The Rokeach Do^atism Scale; Form E was used to 
measure dogmatism. A revised questionnaire by Good was used to assess 
teacher beliefs about Reaching science in the elementary school. The 
assumption behind the use of the questionnaire is that if one assumes * 
what a teacher does in a classroom is in part related to what he 
Intends to do, then beliefs may' be a valid criterion of classroom 
behavior. . • 

An analysis of scores indicated a significant negative relation- 
ship between dogmatism and beliefs. The ^es'^lts therefore are consis- 
.tent with the theoretical principle that highly dogmatic teachers are 
less able than those with less dogmatism to learn new beliefs about 
science. In other wotds, openmindedness is likely to enhance, and ' 
clo^emindedness likely to inhibit, innovate; thinking. 

Young (37i) studied the possibility -that measurable differences 
exist between the self-concep^ts and professional practices of female 
teachers of secondary school science and rnktheinatics and those of 
male and female teachers who teach other secondary school subjects. 
The study also dealt with the possible exclusion of female teachers 
of -science and mathematics by other teachers from their social «»nd 
professional interactions. Both of these facets were based on the 
premise that sejenceand mathematics ^re "prpperty of males." 

In order to gather data, four groups of secondary teachers were 
Identified, including female teachers of mathematics and science ' 
female teachers of French and Spanish, male teachers of matheniatics 
and science and male teachers of social studies.. The inventories and 
scales wer6 the Veldman-Parker Adjective Self-Description ; -The Person al 

Practices Inveatorv-In sicfe; and The PersQnal-Practic&n^ve^Tt^T^ 

Outside. The latter two deaUr, respectively, with the time spent on 
classroom teaching practices and inxplvement witli professional activi- 
ties ^outside the classroom. The female tiachers of , mathematics and ^ 
science al/so completed the >ounp. Exclusion Scal^ .desi ^hpH to indicate' 
perceptions of exclusions, from social and professional* interactions 
of their colleagues.^ A total of 309 teachers participated. ' . I 



^ The results of the analyses of the scoffs on the inventories and 
scales failed to suggest, that there were differences between- the self 
concepts of female teachers, of mathematics and science and their ^ale 
colleagues^. Neither was there support for the premises of exclusion. 
However, when the data weife examined by^a'ge groups, there seemed to 
be perceptions of femkles ±n the age giroup 30-49 of exciusiori at 
professional meetings, and also perceptions of i^emales' in the age ^ 
groups 30-39 and 50-59 of exclusion during graduate study by ^male 
colleagues. If was concluded that significant differences were not 
evident among the four groups and the stereotype in the literature 
of female teachers of mathematics and science is not tenabJLe. ^ Jleither 
are significant differences evident -between teaching practices ot 
females and males. ? , 

Smlgelski (3l3) evaluated the effect^ of performance-based teacher' 
education (PBTE) training on selected humanistic behaviors^ of science 
teachers using four specially designed instruments. In addition, -the 
influence of eleven other factors was studied including college or 
university, schools where certification was achieved; teacher percep- 
. tion of the size of its student popula*tion and the number of science 
teachers it certified; age and sex of the teacher; and the level at 
which, and the subjects, they taught. 

Fifty-six science teachers and one class taught by each teacher 
were included in the study. The teachers had been certified in six 
.different colleges and universities in three different st^es. 

analysis* of the scores |pn the instruments and data on other^ 
factors failed to indicate , significant differences between the impor- 
tance teachers with and vithout PBTE training gave tqr humanistic and 
non-humanistic objectives, or in the prxjgress their students 
perceived that they had made toward these objQ.ctives. Neither were 
'significant differences found between the twQ groups fotraijy aspect 
of classroom environment except for the use of texts and resources in 
which increasing PBTE training resulted in teachers being viewed as ' 
less humanistio. Significant differences failed to be evident betwjeen 
the groups on any of 'the eleven other factors that were studied. In 
general, the humanistic behaviors of teachers we re, apparently no^ 
influenced by the type of PBTE training used iii this study. 

Patelmo (261)* studied which of certain characteristics of- the 
science teacher aitti his classroom behavior are related to the enhance- 
ment of critical thrRjcing skills in students. The subjects in his^ 
study were ^20 juniol: hi^h school science teachers teaching the 
Introductory Physical Science (IPS) Program to eighth grade students ' 
In six school districts in> Eastern Montgomery County, Pennsylvania. , 
One section of students was selected from each teacher gjass load 
for participation. The 20 sections included 45tO students'. * • 

The'jdata were gathered with a*pre- and posttest design' using the 
Watson-Gl^^^ Critical Thinking Appraisal . Arv analysis of covarlance^ 
was made on the mean posttest .scores on the qritical* thinking t^est 
using-the intelligence' quotient and the mean pretest scores^ as 
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coyariates. The adjustec^ posttest mean scores on the • critical "tfeljik- 
Ing test were used to separate the teachers into ten group^s each or 
"more effective", and ''Less effective" teachers of critical thinking. 
Teacher characteristic data were collected with the Watson-Glaser 
Critical Thinking Appraisal ; California Test of Mental Maturity ; ; 
Wisconsin Inventory of Science Processes ; Guilf ord-Zimmerman Temper- 
ament Survey ; Minnesota Teacher. Attitude Inventory ; and a teacher 
questionnaire. The Ladd-Anderson questioning classification scheme^ 
was used with tape recordings to evaluate the questioning, behavior 
of the teacher^. 

A Sciehce Clagsroom Activity Checklist was developed and used to 
allow students to check tH^ classroom and laboratory activities used 
by the teachers. The data were then pooled and compared using various 
stattsflcaL procedures. ^ 

, The^ results of the ahalyses indicated that there were.signiticant 
differences between "more effective" and "less^ effective" teachers in 
that "more effective" teachers had more teaching experience and showed 
more positive "personality tra*ts such as emotional stability,' objec-r 
tivity, and better personal relations, and asked more high-inquiry type 
questions. ^ • ' - 

*^ 

Significant differences wei;e not found between the two ,groxips on 
a number of factors', among them' (1) numbi^rs of hours of academic course 
training in science *or science education; (-2) number of years, teaching 
IPS; (3) critical thinking ability «or mental ability; (4) knowledge of 
processes of scj^ence; (5) altitudes toward teacher-pupil relationships - 
or toward science; and (6) traits such*as general activity, restraint, 
ascejidance, sociability, friendliness, •'or masculinity. Neither were 
differences found' between' their classrooioi practices'. Significant 
relationships were found between student "achievement on "the posttest of 
critical thinking ability and teachers' emotioi\al^ stability ,' objectivity , 
personal relations, and questioning behavior. , ^ 

^This study by ?atelmo appeared to be among the best -reviewed. 

Taylor and Arm3.trong (337)^ attempted to distinguish between , 
activity-cejitered and textbook-centered preservice elementary science 
teachers and to identify perajonality factors associated with each 
group. It- was hypothesized that activity-centered preservice teachers 
would be likely t'b use, materials and. methods of SKPPsr^ ESS, SCIS and the 
like whereas textbook-centered ^teachers would be likely to use text?; 
books with limited student involvement with materials. (At the outset, 
fhe reviewer supports the right of the investigators to establish such 
definitions for thi3 study , but he believes that it is 4iighly falla- 
cious to assume that all* activity-centered teachers use course content 
improvement programs or that classrooms in which such programs have 
been adopted are activity centered.) The investigators also defined 
the "teacher emphasis - role" as bei-ng "didactic" 'and the "student 
emphasis role" as' being the freedom of the student to experiment.. 
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In order to accomplish the purposes of the study. 111 students — 
18 males and 93^females — in four sections of a course in undergraduate 
'elem^tary s'cience methods at the University of Idaho served as 
subjects. During the first week they were administered the Predicted 
Role Measure and Cattell's 16-Personality Factor Inventory . 'The 
Predicted Role Measure% ps scored on a five-cell [sic] Likert Scale. 

An analysis of the scores on the instruments indicated that pre- 
service activity-centered elementary science ^teachers ate above 
average in self-sufficiency, whereas textbook-centered were average 
•in ."group dependent" on a self-sufficient contin^ium. Also activity- 
centered teachers had higher mean scores on humble-assertive, 
expedient-conscientious, trusting-suspicious, practical-imaginative, 
self assured-apprehensive, and group dependent-self sufficient items* 
The -preservice activity-centered teachers were found also to be more 
suspicious and conservative than their counterparts. The directions 
of the higher mean scores are not always indicated. Some of the find- 
ings seem to be contradictory, an example being that* activity-centered 
teachers are more self-sufficient but also are more conservative. 

Powell (272) tried to determine the extent^^o which teacher person- 
ality traits are related to teacher success. as described by^ the 
Intermediate Science Curriculum Study (ISCS) . He further examined the * 
relationship Between teacher attitudes toward- ISCS *and verbal inter- 
action patte ms in ISCS classrooms . jj^ ^ 

The subjects were eight teachers who participated in an ISCS 
Inservxce Ihstitiite supported by the National^Science Foundation*^ and 
two of the classes of each. The teachers consisted of seven males 
and one female; the students were seventh and eighth graders. Data^^ 
were collected from: (1) teacher attitude scales about ISCS, (2) y 
student attitude scales toward ISCS, (3) teacher scores -on 18 ^ Califor- 
nia Personality Inventory Scales , and (4) four hours of verbal 
Interaction taped in the fall and^spring and code^ by a trained 
o%perver. c ' * ^ \ 

The analyses of the data indicated that (1) teachers thought . 
students had success in the ISCS program and a better knowledge of 
science; (2) both teachers and students believed there Wastgood 
rapport; (3) students liked ISCS better than previous sci^c'e classes; 
(4) much of the time was in laboratory activity and more than half the 
class. time was student controlled; (5) teachers used more model than 
non-modei behaviors; and (6) six of the scales on the CPI were posi^ 
tlvely correlated and six negatively correlate^ with model behaviors 
and positive tedcher and student attitudes. These relationships 
therefore must be considered generally inconclusive. 

Clark (68) tested the relationships^.betwee^ teacher characteris- 
tics and classroom behaviors' recommended by Intermediate Science . 
Curriculum Study (ISCS) aiid/pupil achievement in ISCS' Lefvel Jt*. The 
subjects were- 22 teachers in 18 Philadelphia junior high schools who \ 
were .administered the Guilrord-Zimmerman Temperament Scale ; 'the 



Scientific Attitude Inventory ; the ^innesota Teacher Attitude Inventory ; 
a* test of knowledge of .consent of the. ISCS Level I using ISCS Test - 
Level I; and the Wisconsin Irvvontory of Science Processes , the Science . 
Teacher Behavior Inventory was developed to determine the frequencies of 
teacher and student classroom behaviors. Pupil achievement was measured 
with the ISCS Test - Level I. - ' ^ . 

Statistical analyses for relationships and differences failed to 
indicate significant diffeirepces in pupils achieyem^nt based on sex or 
grade, but there were statistically significant differences in pupil 
achievement based on the teacher factpi^.' It appears that teacher 
knowledge of processes of science and -knowledge of content *taught 
through ISCS are the significant teacher' characteristics enhancing 
pupir achievement ^ 'But, teacher attitude toward science and* teacher- 
puplL relationships were not found to ie "related significant|.y to pupil 
achievement. * ^ 

It was concluded that ISCS recommendatioKfe concerning teacher 
characteristics are valid and that ^ if followed in implementing the 
► ISCS program, should result in greater pupil achievement. But, there 
is^ some question as to whether these recommendations are indigenous 
to ISCS. They seem to be well known principles of desirable teacher ^ 
o behavior and should apply to any program, not just ISCS. 

, Shymansky, Penick, Good and Matthews (308) studied, the use of a ' 
modlflcatipn of the macfoanalytlc technique developed by Campbell to 
analyze, .the behavior patterns of a fifth grade science teacfier. The 
modification represented the reduction of uninterrupted chains of 

; behavior (XAAAX) to single units*^' (XAX) rather than repfeatinrg them. 

i The behavior was* coded every thr^e seconds. 

Observational data were\)bt^ined using the SCAS Classroom' Inter- 
action Categories-Teacher Beh^viars that consisted of 13 categories of 
teacher behavior coded yever^three seconds. One fifth grade teacher 
was observed for about JZ^iiiinutes and 770 observational tallies were 
made and analyzed using the standard macroanalytic technique and' the 

iiqueL,X " * . ^ ^ 

Comparisons of. the analyses indicated that only four patters 
were cotdraon to both. Patterns ranked 1, 2,3 and 4 with tiie modified 
technique were^ranked 2^ 7, 15 and 18 with the standard technique. 
Those four representied 33 percent of the total patterns in the modi- 
fied technique but only 10. percent in standard. • 

In the remaining^21 of the top' 25 in the standard sequence 82 
S2 SI; 82 occurred three times as often as other patterns; this is 
not revealed with the modified teclrnique. Also., of -the 2l reinaining 

/-^ti the modified, 19 did not appear in the top. 50 -using the standard, 
analysis and 6 of the 21 did not appear in any of the 208 different 

, patterns using the standard. Fifty-one additional patterns in" the 
modified technique did not appear in the standard. 



modified' techniqi 



One may conclude that the Modified macroanalytic technique do6s 
not produce 'results consistent with those of the standard. The modi- 
fied technique seems to be thesmost effective in examination of "long' 
term" behavior patterns, namely, coding every 15 seconds rather than 
every three. 

The studies In thfs group are too diverse, to synthesize many- 
general ^conclusions, but. two seem to" emerge: (1) the extent to which 
a teacher is cognizant of the content and tecl:^ique relevant to a 
learning ^ experience, the greater is pupil achievement; and (2) fc^he 
extent to which the content and technique are applied in the exper- 
ience and the student is aware of them, the greater is the achievement. 

Tour studies that dealt with perceptions were identified, Margan- * 
off (208) undertook research to invest|.gate the relationship between 
present and future perception^ of "ideal" Supervisor-Teacher Inte^- 
^actions in an effort to d^ermine whether they are indeed different. 
The subjects consisted of related groups of current science supervisors, 
science teachers, and science supervisory interns whose perceptions of 
"ideal" supervisory interac^iians were examined in five dimensions:; 
(1) the perceived "present idea" interaction; (2) the perceived "futiire 
ideal" interaction; (3) the desirability of future change in specif ic 
educational areas; (4) the selection of agents influencing future change; 
and (5) the anticipated time sequence of future change. The process of 
anticipating future oriented *",ideals" is fostered'^by the use»of a 
"Future News Event," a technique alleged to help participants break 
away from current mind*sets, . 

The data were collected with a questionnaire consisting of 36 i 
stimulus^ variable items drawn from the Opinion Inventory of ^Supervisors , 
Participants ranked their present and future "ideal" perceptions based 
on the perceived frequency' of occurrence of specific stimulus variables. 
These variables were compared^ for nine areas of supervisory behavior, 
some examples of which are Instructional Organization, Coordinating 
Special Services, and Staffing, The data were tested for significant 
differences, A Modified Delphi format was used to.^:obtain participant 
consensus on perceived changes, ^ ^ t 

The major findings were: (1) there is a significant difference 
between "present i^^|j|,and "future idefel" perceptions; (2) signifi- 
cant dif fefiendes iHB|pamong the* study population scores/-<JTr perceived 
frequency of occurrence of the two 'supervisory behaviors. Evaluation' 
and Staffing; (3) significant differences^ were not found among the 
groups, the time, and the categorizes' of supervisory behavior; and (4) 
the' Modified Delphi instrument data indicate that future supervisory 
changes are most desirable in Providing Ihservice Education, Curri- 
culum Development, and Providing Instructional Aid^, The participants' 
indicated that the most influential ag§nt for change between -1973 and 
.1977 would be the school principal, . - * ' 

^ * i 

Bybee (58) proposed to establish a profile of, .hierarchy of percep- 
tions relative aspects of . the iateraction of teaching science using 
three populations: (1) elementary children; (2) preservice teachers, and 



(3) elementary inservice- teachers. The subjects in the. three groups 
consisted of 43 middle class ^children of slightly above average IQ in 
the fourth, f^th and sixth grades of the Laboratory School at the 
University of Northern Colorado; 38 elementary education majors (36 
of whom were women and 3 men) who had not completed student teaching; 
and 20 elementary education majors" (18 of whom were women and 1, a man) 
who had completed student teaching; '43 inservice teachers (40 of whom 
were women and 1, a man) ^ from urban arnd suburban schools in the Denver 
afrea; and 33 inservice teachers (29 of whom were women and 4 men) from 
eight rural schools who participated in a science wbrkshop in the 
-Summer 1971, 

The data. were collected in the Spring and Summer, 1971, using a 
50-item Q-sort, ten items of which were keyed to each of the five 
categories examined in the study: (1) knowledge and organization of 
subject-matter, (2) adequadifcf relations vith students in science 
classes, (3) adequacy of p^^"^ procedures in science classes, 
;^4) enthus^iasm in working' witl\ science students, and (5) techniques 
or methods of teaching ^elementary science. The items were divided 
Into three piles: •positive, neutral and negative, and then keyed 
back to the five categories. - ' • 

The findings indicated that, with one exception, adequacy of " 
personal relations in the science class, was most important and the ^ 
second was enthusiasm in working with students. Children Vanked 
subject matter third whereas alT groups of teachers ^rankpd that cate- 
goiy fourth. ' ' 

: " It was indicated that .most pr^ei^ice programs^emphasize knowledge 
^of :siibject matter, and abilltJy to use \a'ppropriate methods, and curri- 
culuiji. Interpersonal rel^ations, cons ijdered- most important, get less 
emphasis. * * \. -% ^ j 

T\ ? ;The purpose of a stiidy by .Dieter and Hounshell,|(Si8) was ♦'to deter- 
liiine the importance of various c^teria actually befiig used^hen * 
,eyalt3ating the competence of biology teachers .• . . in order to do so 
|Jata>as [sic] gained about th^ traits and* characteristics for which 
ithey -were b^ing held accountable by judges in a formal assessment 
iffbft." In simple terms, the "formal assessment effort" refers to 
the Outst'anjjing Biology Teacher Award (OBTA) Program qf the National 
Association of Biology .Teachers. Assumptions were made tha^- although 
©any studies, show disagteement among judges in bating- teachers, criteria 
do exist for making valid judgments, the NA^T'has selected qualified ' 
persons to make judgments, ' and these judges do use criteria that are 
•appropriate. Howeve^^, it was also assumed that the different judges 
had different "value hierarchies" for the different criteria. ' 

% : |In order to identify these assumed hierarchies, if indeed they 
^existed, all' the judges ^in the 1970 OBTA Program were asked to rate^ 
the .various criteria they employed in evaluating candidates for the 
award. The list of criteria they rated consisted of 111 items that 
t^ere synthesized from the literature and materials dealing w|.th ^ 



characteristics that might be u^ed as criteria for mak:jjig judgments. 
Two hundred and twenty members^of 47 spate ^election committees active 
In the 1970 OBTA Program provided 179 usable, returns. 

The analysis of the .resp<^ses indicated that the judges perceive^ 
?1 criteria as being significant including interest and enthusiasm for 
biology, interest in self improvement, concerns for student understand^ 
Ing of essential science processes, poise and ♦self confidence, ability 
to .inspire self confidence in -students, concern for understanding of 
essential concepts, and interested enthusiasm in the activities and 
accomplishments of students. 

Despite the fact that the judges' included secondary school hiology 
teachers, public school supervisors and administrators, and state 
science supervisors, the criteria they considered most significant 
were quite similar. ' It was concluded that specific criteria do exist 
for making judgments in this program. ^ / 

A study, corollary to the one just reviewed, was reported by 
Dieter (87) and Hounshell and Dieter (147). Its purpose was to deter- 
mine how recipients of the Outstanding Biology teacher Award (OBTA) in 
the Program of th^ National Association of Biology Teachers perceive' 
themselves when responding to^the items on the Gough Adjective Check- 
list (ACL). Forty-three of, 46 of the 1970 award recipient^ (29 mal^s 
and 14^ females) responded to the ACL, whi^^h has 24 separate 6cale.s 
containing groups of related adjectives. The scales are claimed to 
measure personal adjustment, self control', heterosexuality, dominance, 
endurance and aggression. 

The responses failed to indicate significant, differences between 
the selfrperceptions of males and females. However, significant differ- 
ences were found at the 1 percent ' level betWen the responses of the 
award recipients and the norm population- on a number of items. The 
award recipients considered ^themselves exceptional in achievement, 
endurance, ordeiT, intraception dominance, nuturanc§, def ensiveness, 
personal- adjustment, favorable [sic], self confidence, self control, 
and succurance? 

The studies together suggest that .award recipients of OBTA 
perceive ^hemsel^es as having the characteristics judged to be , 
desirable- in competei\t teachers. - - , 

Two studies were found that might be referred generally to the ^ 
factor of 'productivity. Bernstein (37) undertook a study that had a 
number of purposes: (1) identify those factors that are likely to be 
J related to the productivity of the contemporary Americaa secondary school 
science teacher; (2^ devise a scale appropriate to measure that produc- 
tivity, an8 (3) determine the relationships between selected educational, 
professijonal, and personal factors ♦ Productivity was defined as his/her 
contributions to* the professional growth of his/her "workshop," such as. 
publishing in professional journals and/or contributions to sclTcnce^ 
education such as developing, a new curriculum, writing a textbook,! 
developing or Improving apparatus, or undertaking science educationX 
research* , ' • v 




With the assistance of five science educators and geven other 
teachers a lO-'item productivity scale was developed from twelve otHer 
productivity scales. The productivity -items and questions related to 
selected educational; professional and personal factors were incor- 
porated into a checklist that was feBnt to a random sample of 1000 
secondary school science teachers. . The 474 returns were evaluated 
to determine the. relationships b'etween the factors indicated and 
teacher productivity, and to estimate which activities of the average 
science teacher are likely to have the greatest affect [sic]. 

The -evaluatioa indicated that the highly and the minimally produc-n 
tive /-teachers were males.' The moderately more productive belong to 
more organizations, and /the minimally proiductive' seem to come from 
the smaller schools. Productivity also seemed to be related to 
science credits earned and Services available to the teacher. The ^ 
average science teacher apparerttly affects his colleagues and profes- / 
sion by speaking and revising curricula' rather than by wiriting. It 
was noted in particular that the higher the undergraduate GPA ^md the 
greater the amount of graduate work taken, the ^re^ter the productivity, 

Lawrenz (185) probed issues related to productivity in a' study' 
designed to determine if a relationship exists between selected teacher 
characteristics and student outcomes and to provide some, indication of 
the relatiye 'importance 6t the teacher characteristics.' The teachet 
characteristics of concern were knowledge of subject matter and train- 
ing methods, experience, aj^titude toward science, professional self- 
Improvement, and type of learning environment created. The student 
outcomes of concern were ^increased achievement ^ind improvement in 
attitude toward scifence. 

♦ • 

^ In order to gather data, a stratified random sample of' 236 secondary 
science teachdrs from 14 states were selected as subjects. Eighty- four 
taught biology, 111 taught chemistry, and 41 taught physics. The 
teachers complieted a questionnaire; the National Teachers E^^amination . 
(NTE) in Science , The Science Process Inventory (SPI), and the Science 
Attitude Inventory (SAI) . Each teacher randomly selected one of his '^-^ 
classes to complete four instruments; the Learning Environment Inventory 
(LEI), Test on Achievement in Science (TAS) , and the" SPI and SAI. ^ 
Canonical correlation was used to examine the relationships between ^ 
teacher and, student variables. 

The results indicated only one significant relationship; namely,' 
a .61 coefficient of correlation between, the teacher characteristics and 
student achievement and attitude. It was found that Formality was ) 
negatively related to student achievement, although Goal Direction 
was positively related. A positive relationship did exist between 
Self- improvement and knowledge of science, but none of these relation- 
ships was significant. 



Preservice-Experiences 

Research on preservice experiences accounted for 25 of the ^ 
reports in ^his Summary , It was extremely difficult to classify the;^ 
studies into groups since most of them dealt with several factors, • ^ 
However, an attempt has bean made, where possible, to group although 
some studies are dealt with separately. . * 

A study undertaken by Cohen (70) was extrenfely difficult to 
classify, but it was included hfere because of its implications for 
preservice programs for training science teachers. The Situdy w^S 
concerned with developing a procedure for reducing professional 
confli9t between [sic] scientists, secondary science methodologists, . 
and educationists. It was undertaken at Trenton State College where \ 
conflict was perceived and it was hoped that the^ procedure developed 
would allow for the reduction of *"high, dysfunctioning conflict 
/levels to low, productive conflict levels." 

In order to accomplish the purpose, an ad hoc committee of nine 
faculty members (from the three areas indicated) was established with 
the cHarge of discussjing the, curriculum for training future secondary 
school ^ science teachers. Prior to committee activity, all members ^ 
completed an Initial Questionnaire to assess their perceptions^ of 
issues raised in the literature ^nd issues that* would -probably 'be 
discussed in the procedure. At the end of four of the five meetings 
members completed an Ends of Meetings Questionnaire that assessed their 
perceptions of the committee^ functioning effectiveness* - After the 
five» meetings the members completed a Final Questionnaire which assessed 
tlfeir* perceptions of the issues raised in\the literature, issues raised 
at. the meetings, and the effectiveness of the process. 
* » 

The evaluation consisted of the use of nonparametric methods tq 
analyze the responses to (a) , objective items from the three question- 
naires; (b) subject st^temen^s made by committee members on the Initial 
and Final Questionnaires; ^fid (c) statements made' daring the committee 
meetings. A total of 32 Hypotheses were evaluated. Of the 32 null . ^ 
hypotheses, 13 were rejected. • The findings suggested that there was a 
significant change in the ranking of (a) the committee's perceived 
ability to comply with the agenda and mediate positions; (b). conflict^ 
'between science and education faculty; (c) awareness of conflict for 
the dean of liberal arts, dean of edudatibn, and department chairmen; 
and (d) concern about the conflict for the department chairmen and 
science faculty. The conflict level was perceived as being signifJL- 
cantly reduced, although^not^all issues were resolved between academic 
scientists and educatioiJists . V 

r 

The study was/ somewhkt redundant in that it merely reaffirmed 
what is common knowledge; namely, that if sensible people will sit 
down and interact with one another rationally, issues can at least be 
partly resolved. 



The study of Butzow and Ryan "(57) investigated three hypotheses: 

1. . If there is a relationship between philosophical position * 

and teaching style, laeasured philosophical position should 
- be consistent with the philosophical posit;[k>n manifested 

, In thft actual sample of ciasff4:oom teaching. \ 

2. If there is a relationship between philosophical position ^ 
and student teacher attitudes towards the/purpose and 
method of te'aching, questionnaire responses to teaching * 
procedure and the role of the schpol should be consistent^ 

V with measured philosophical ppsition, * . / * 

\ 3. If a student teacher is restricted to '^a narrow range of 
^ personality types in Holland's theory and subsequently 

to a narrow range of vocational choice, there should be a 
\ narrow range of philosophical positions Measured and 
operating^ in such a sample, 

Holland's theory lists five philosophical positions:' Idealism, 
Realism,. Pragmatism, fhenomenologist , and Existentialist. These are 
included in the Ames Philosophical Belief Inventory (AP3I) used in = 
the sti^dy* The APBI was administered to a» randomly selected sample 
from among all students who -were registered for student teaching at' 
the University of Maine at Orono. The subjects were required to 
provide an audiotape of a teaching lesson of their choice* and also 
complete a questionnaire that posed ^questions about their educational 
background, vocational choice, and purposes and procedures inherent 
jLn teaching methods and schools. Twelve females and six males ^agreed 
to participate. Each audiotape was rated simultaneously by two 
investigatory and responses on the APBI, questionnaires, and tapes were 
compa^ced. ^ . * ^ . \ 4%* * 

• /' • 

/The results of the analyses indicated that:, (1) teaching behav^i^r , 
manifested on the audiotapes bore little resemblance to APBI sc9res, 
(2) schools may demand inore realistic behavior than student teachers 
believe in, (3) emphasis on student teacher evaluation and stresses " 
In /schools force student teachers -to behave in'a less- eclectic manner 
th^n they would choose, (4) student teachers act as though 'the school 
la' designed mainly to perpetuate culture, (5) most student ^teachers 

(ew the learner as a self-disciplinary person,- and (6) the predominant^ 
style is a mixture pf pragmatism and realism/ 

Beatd (136) dealt with the issue of authoritarianism ^in a -study 
to investigate the relationship between^ the degree of authoritarianism 
expressed by preservice "Secondary science teachers and the way'^lSi which 
they spent their instructional tim^. The study wag^cond^c^ed^ith 55 
studeiks enrolled in the secondary science instructional>iiietho4i^ course 
at a large North .Texas area university during . the fall and spring 
semesters 1972-73. * r 



The .iu65^:Tffljeut used to identify authoritarian, attitudes was the 
Adorno Fascism Scale that was administered the first week of eagh 
semester* The wafys prospective science teachers nsed their instruc- 
tional time was described'using the Flanders' Interactio|i Analysis . 
technique. Three observers collected. data the^s^cond week of each ' 
semester by observing each prospective science teacher as he taught 
"a lesson to the class; Pearson Product-Mpment ,coef f i(fients\)f corre- 
lation were computed between the student's fascism scores and the 
ambunf of time spent in various categories of Flanders Interaction 
Analysis^ ^ . 

* ^ • ' ' 

An analysis of the findings failed to indicate significant .rela- 
tionships between the degree of authoritarianism expressed by a 
student teacher and his use of student ideas, acceptance of student 
feelings use of lecture method of instruction/ justification of his 
own. authority; criticism of students, the amount of time his students 
spent in silence or confusion, the amount of directions he gave, 
the amount of student-initiated talk^* or hl^s own, Flanders' Indirect/ 
Direct ratio. Two negative relations found, to be significant were 
'between the degree of* authoTritarianism expressed and (1) the amount* of 
time they spent in asking questions, and (2), the amount of time their v. 
students spent, in responding to* teacher questions, , ^ 

Santiesteban (299) attemptted to determine the relative effects 
of video andf audio mo4els on the acquisition of a teaching skill by 
preservice elementary teachers and on cdticotnitant science learning. 
To carry out "the study, 48 preservice elementary teachers were 
randomly assigned to a vadeo model, an audio model, or a control 
model treatment condition. Those in the video model obsexrved a> video- 
tape of a teacher using vobservation and classification behavior "^with 
four fourth-grade students. Those in the audio model lifted to an 
audio version of the video model. The contro.l group observed neither. 
All subjects prepared 15-minute ^icroteachihg lessons and used them 
with three third- or fourth-grade stu4ents randomly assigned to thei^. 
Then th^ preservice teachers were tested with a written^ Criterion 
test to measure identification and classTf i^ation questions. Also, 
the elementary students were tested with a written process test tb 
measure their ability to observe and classify according to item 
criteria. . 

^ ' The microteachiug lesfons were videotaped and analyzed by three 
trained raters for the frequency of classification questions and the 
frequency of observation, questions. The classification questions , 
were then toded according to whether the teacher selected the charac-- 
terlstic to be classified or whether the student devised tfte 
classification system. 

The results indicated that students in the audio model performed 
significantly better than those in the control model on* the teacher 
criterion test, - although significant differences were not found between 
those in the audio and visual models, or between those in the video and 
control -modelfe. Neither were significant differences found for the 



main effects on the student process test. Both those in the audio and 
video models performed significantly better than those in the control^ 
model on the frequency of observation questions, frequency of teacher- ' 
, Imposed classification questions, and total number of classification' 
, questions. Significant differences were not found between those in 
the audio and video m6del^ on any of the audio ,tape interaction cate- 
gories; however, elementary students' exposed to teachers in both the 
auj^io and video models responded significantly more than the contrpls * 
on Observation,, teacher imposed classification, and total classifica- 
tion quest ions ^- 

Three studies were found doling with biology fof preservice 
teaclters, 'two dealt with biology courses for eleriientary teachers and 
the thircf with the .evaluation of prospective biology teachers a-t the, 
secondary level. . ^ * ' 

Simpson C311) undertook a study of 27 undergraduate students who 
were enrolled in Biology 108, a biology course for elementary teachers 
at tne University of Georgia. The jiurpose was to assess the relation- 
sKlp between the affective measures used to evaluate the students and 
the course and the cognitive performance of thef^students, 

A subject preference scale was designed and administered to the 
students on the first day of class onowhich their prefetences for 
blologyr and for science in' general, were assessed, A number of tests 
vex^ administered during the cojurse including measures fdr student 
achievement on lafclpratory exe?:cises and exftraclass assignments. In 
addition a^ checklist designed by the InstrujC^tor was used to measure 
affective behavioii;^ and four instructors maintained records on the 27f 
students. J, 

The results indicated that there was a high correlation between 
test grades and scfpres ftom a checklist of affective behaviors. - Also 
there was 'a 6ompar^atively high degree of relationship between achieve- 
ment on laboratory' ^d extraclass assignments. Preference for biology 
was not significantly related to achievement in the course. ^ ^ 

Chrouser (66) compared two approaches to the teaching of biology 
for prospective elementary teachers. Each approach, (a) the indoor 
laboratory and (b) the outdbbr laboratory , ^ was analyzed with respect ^ 
'to gain in' understanding of (1) the social concepts of science, (2) 
certain biological principles, (3) sciience as a process, and (4) ability 
to think critically, ♦ 

The subjects were students who were enrolled in a biology course 
for prospective biolo^gy teachers at the University of Northern Colo- 
rado during the spring and summer quarters of 1969.' Each class was 
divided into an indoor and outdoor group. All had the same lectures 
and the laboratory was carried on at the same time using aqdio-tutorial 
methods^ but one was all in'doqr and the other all outdoor. All subjects 
were administered four instruments, the first as a pretest during the 
first classroom session and laboratory)sessions , and the second as a - 
post test during the last classroom and' laboratory sessions. These 
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Iftcluded the Test on Social Aspects of Science consisting ef 52 state-* 
ments to which students responded on a 5-point scale frop strongly^ 
agree to strongly disagree; the Methods and Procedures of Science; An 
Examination (MPSE); the Watson-Glaser Critical Thinking Appraisal ; and 
the Understanding of Selected Biological Principles: An Examination , 

An analysis J^f the difference scores on' the test indicated that a 
biology course t;hat emphasizes field experiences was more effective 
than one with onl]( indoor laboratory experiences. The field experiences 
helped students achieve understanding of (i) social aspects of science; 

(2) selected biological principles; and (3) science as a process. . The 
experiences did^not seem more effective, however, in helping students 
understand biological principles in general or increase, their critical , 
thinking ability. ^ - 

Stronck (326) collected evaluations o^i instruction performed by 
student teachers of biology with the aim of comparing the evaluations 
made by their peers with those of their-students. Another objective 
was to compare the evaluations of the first performance with those of 
the second performance to ascertain any changes. > The study covered 
nine lessons -taught by 58 student teachers during four different 
semesters. Each lesson was about a half hour in length and was related 
tp a typical experiment in'biology. 

In orde^^o^'^ajther the data, a nine category questionnaire. was 
prepared, ^acn category rated on a 5-f>oint scale. The nine categories 
included: (1) knowledge of subject matter; (2) attitude toward subject; 

(3) explanations given; (4) speaking ability; (5) attitudes towards ' ^ 
students; X6) personality ; (7) evidence of planning in procedures and 
,material^; X8) students' attenti6n rated as active, adequat e, and 
distracted; and (9) objectives rated as, clear^ confusing, ^naVnknown. 
Two thousand three hundred and thirty-nine questionnaires were completed 
by studerits in the classrooms and 314 by peers. " * 

The ^-tests indicated significant differences between the^evalua- . 
'tions of peers and those of students in seven of the nine categories, 
with the ratings of students .being lower than those^bf peers. However^ 
'significant .differences were not found between student '^valuations of 
the first and second performances. ' • • ' 

The^.three studies reviewed were too diverse in purposes to synthe- 
size the findings. * 

The concern with measurement of attittidinal change is evidenced 
by seven studies dealing .with that issue, five of which were concerned'' 
with elementary educations . , ' 

Lawson, Nordland and DeVito (188) investigated' the interrelations \ 
of student's scores among four Piagetian-styled tasks 'to assess formal 
reasoning abilities with scores on commpnly used standardized verbal 
and mafhe<Qatical aptitude examinations and with those from achievement 
examinations in science,^ mathematics and English. In addition, they 
examined the relationship of scores from formal reasoning measures with 
those from measures of science attitude and'science process. 



^The subjects were 71 freshman* and sophomore elementary education 
majors (68 females and 3 males) at Purdue University to whom four 
tasks used to, meas^irtre' formal reason-ing abilities were administered in 
interviews of abou^ minutes. The tasks included Conservation of 
Volume using clay, Conservation of Volume usirfg metal. cyljLaders, . 
Separation of Variables, and Expulsion of Irrelevant Variables. The 
responses were- categorized as Early Concrete Operat^||ial, .Concrete 
Operational, Tran^tion 'to Formal Operational, and formal Operational 
and were -cefe^^rized on a scale of 1-4. The achilfvenfent measures 
iised were.fisom the* College Entrance Board Examination and Sequential 
Test of Educational Progress Science, Fotm lA * The .measures of 
aptitude for. mathematics was the SAT-M, and for verbal, ^fehe SAT-V. 
The other measures used were the Bratt Attitude Test and' the Wisconsin 
Inventory of Science Processes , 

The results indicated thatl|90 percenjt of the subjects exhibited ^ 
Conservation Reasfoning pn Conservation of ^Voliime using clay; 13 sub- 
jects exhibited only concrete responses, whereas 47 exhibited transi-- 
tlonal responses and 11 fully formal .operational responses. It was*- 
concluded that Piagetian measures of formal 'operational reasoning 
ability are significantly related to attitude^, aptitude, achievement 
and knowledge of science p^oces%es/ ^ ^ , 

it should be pointed out, however, that the coefficient of 
correlation oh wl^ich these relationships are postulated are all less 
than tjie corollary ^coefficients^ of alienation. * 

(. Riley C287) attempted to determine ^he effects of science process 
traiuin^ using' two differ€;nt inquiry' strategies with preservice teachers 
On (1) knowle^e of the^process skills; (2) understanding of science; (3) 
attitude toward science^ C^) attitude toward science teaching; and (5) 
attitude toward the inquiry strategy employed in thfe proofess training, 
*The subjects were student teachers in grades 1-4 who wete^ randomly ^ 
assigned to one of three treatment groups:* (a) the Active-Inquiry 
Level in which science materials were manipulated;^ (b) the Vicarious- 
Inquiry Level in which they were tra:^hed in process skij.ls without 
the opportunity to manip<Jlate materials; and (c) the Cont;rol that \ 
Involved about the same amount of time in neutral activities. 

The collection of data was accotnt>l*irh^d with th^ Jjl) Process Measure 
for Teachers ; (2) Te&t on Understanding Science ; (3) A)^itude Toward 
Science afid Science Teaching Scales ; and (4) Attit;tf^ Toward Methods 
of Instruction Inventory , . < \ \ ^ 

The analyses of the results usiflg analysis <yf covariance and the 
•Newman-Keuls Multiple comparison/ test Indicated that preservice 
teachers in both the activity- inquiry and Yicarious- inquiry groups 
perfonped significantly higher than those in the control, altfioii^ 
significant differences were not found in understanding science and 
attitude toward science or science teaching. 
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|Yeany (370) assessed the effectiveness of ^hree treatments ^or 
encouraging and training prospe^ive elementary teachers in the^ use 
of inductive/ indirect strategies in science 'teaching. Tl]e sub'lects 
consisted of 84 prospective elementary 'teachers at the University 
of Colorado who were assigned randomly tp«one of four treatment 
groups. These were the (1) Strategy Analysis Level , (S^ , who were' ' 
trained using th'e Jearhing Strategies Ol^erxation Differential (YSOD) ; 
(2) Modeling Level , (M) , who viewed vAeotapes of model - science lesson^ 
, illustrating the induct ive^ indirect teaching strategies! (3) Combina- 
tion Sfevei ; (MS), who were treated to both of the above; and (4) 
Control Level , CC) , who viewe<J films of neutral relatioi;iship to the 
treatments for about the same amounC of time. * 

Data were collected, on the three dependent variables using the- 
(1) Teaching Strategies Observation Differential (TSOD) i (2) Eleroentary ' 
Science Activities^Chegklist (ESAC) ; and (3) the Science Act^ivities ' 
Attitude Sort -(SAA^)« The data were collected from 16 Subjects 
randomly selected from the 21 in each group. 

A multiple analysis of covarianofe was useti with the TSOD and JESAC 
data, and an analysis of variance with the SAAS data. These analyses 
indicated that preservice teachers who experienced the Combioatign ' 
Level (MS) adopted a significantly more inductiye/indirect science 
teaching style than did subjects in the^ Control Level (D) , and a 
similar significant difference was shown with the 'SAAS dat^J j' 

Wish (367) described (1) the Instrument for Observing Classroom 
Science BeHavior (lOCSB) that was designed to measure the- frequency of 
classroom science behavior at the elementary^ school level, and (2) a, 
technique used to test th6 instrument. The lOCSB is a six-category 
science claf«sroom^*observation instrument with 33 subcategoi;ies contain- 
ing behavioral items allegedly^ consistent with, those in SCIS, SM>A, ESS 
the* statfe syllabus of North Ca,rolina,' arid college level elementary 
science methods books. \^ ^ ^ . ' 

In the spring of 1975 at Campbell Colle^, North Carolina, .38 

K-8 preservice teachers were observed during student teaching -for two 

^O^inute sessions^' by two outside obS"erver% making direct observation 

and immediately encoding the behavior using the i;OCSB. 
I 

The data i)t)tained with the subjects indicated that 25 subcategor- 
"^JLes werg found^j^o be Consistent with teaching the nature of science in 
current classrooms. It was concluded that the instrument with its six 
categories,' Observational Behaviors, Classification Behaviors, 
Mesurement Behaviors, Prediction Behaviors, Experimental Behaviors, 
and Other Behaviors could be used for science curriculum development 
and evaluation in the elementary school. . ' 

Bogut (45) had the objectives of (1) exploring the attitudinal 
changed of preservice elementary teachers that result. from exposure to 
structured and unstructured teaching strategies and if (a) the sequenc- 
ing of the' strategies or (b) the iifitial degree of opq|i- and/closed- 



min4edness of the preseryicR teajchers had any relationship to these 
attitudinal changes; and (2) determining .whether the degree of open- 
mindedness existing in students could be increased through .the use 
of either of the instructional strategies. 

^ The subjects were *2l, preservice teachers enrolled in a large - 
midwes tern -university , most of whom we^e first semester senior^ 
although a f ew ver^ second semester juniors. Seven concepts 6f 
elementary preservice teachers were investigated, (a) myself as an 
elementary scier^pe teacher; (1)) pupil directed and initiated learn- 
ing experiences; (c) science; (d)^open education; (e) discrepant 
events or torpedoing; (f) time used in "messing aro^ind" or ' ' 
"explorat^yti"; and (g) myself not knowing the right answers. * 

The data were gathered by administering the Semantic Differential 
^ttitude I/tiventory and the Rokeach Do^atism Scale (Form E) as pre- 
tests at t;he first class meeting and again as po^t tests. On the basis ' 
of the protest on the Rokeach , the ten students with the highest and 
the ten with the lowest scores were assigned randoiriljr into two subgroups 
each. Five of each were used to form randomly assigned high andVlow 
d6gmat^.c groups of ten'^ The first week all experienced group dtlen tac- 
tion and initial observation. During the second through fifth weeks, 
Group A e;xperienced unstructured il^aching strategies an^ Group B, 
structured. The unstructured .had hj.gh student involvement and "hands 
on'* experiences wheteas the structured, involved tape recordei;s aT>d 
slide projectors. Duiring the sixth through ninth weeks the treatments 
yere reversed. FromVhe tenth through the sixteenth weeks all had open 
explorations and investigations, ♦ 

An analysis of the results indicated that (D sequencing of 
structured and unstructured experiences does not seem to bear a 
relationship to attitudinal change; (2) the openminded remained openminded 
after instructional experiences, whereas the clroseminded became more 
openfcinded after unstructured; (3) the openminded became more close- 
ittinded after structured experiences., whereas the closeminded became more 
openminded after such experienced. Thus the closeminded seelned to ben^^ 
fit from either. 

. The^ research in which attitudinal changes of preservice elementary , 
teachers' are involved* fails to yield evidence that any particular 
methods are very effective. ^ ^ 

Two studifes^were located that dealt at least partly with attitudi- 
nal changes of .prospective secondary school teachers. In the first, 
Plzzini (267) attempted to determine the effects of an exploratory 
teaching program on the development df attitudes^ toward teaching and 
related educational concepts. The eleven concepts * selecte?i^f or testing 
were determined .by field testing a preliminary set of concepts, some of 
which were identified by Lacey as being important. Examples are ' 
Individualized leilming, being a* science teacher, classroom management 
and record keeping, and exploratory teaching. 
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The exploratory teaching program was designed to provide Univer- 
sity of Iowa sophomores with an opportunity to observe and participate 
In the duties and responsibilities of teaching. Twer\ty-one students ' 
served as subjects in this Investigation and participated on a dai^'y 
basis in the public, , schools. The null hypothesis tested was that 
there would be no sTi^nificant differences between pre- and posttest 
scores on the Semantic Differential Attitude Inventory with the 
subjects. ' \ ^ 

The analysis of the results indicated that the null hypothes^is 
was rejected for 11 of the 12 variables finally used. The only one 
^ot rejected was growth in attitude^ for the concept: of discipline. 
It was concluded that the exploratory teaching program contributed to 
the growth of positive attitudes toward teaching in fehe secondary 
school . 

N 

The second study by Repicky (284) was designed to determine the 
.effectiveness of feedback from systematic observation in modifying 
specific behaviors of student teachers and as a vehicle for * improving 
cooperation between' the university land the secondary. school. Self- 
instructional modules were used ty instruct cooperating tteachers in' N 
the collection and reporting o5/oata from systematic observation. 

The data were collected by using three grou*ps of cooperating 
teachers, each' of which concentrated on one teaching skill, (a) 
preparation and use of performance objectives; (b) preparation and 
use of lesson plans; *and (c) intellectual levels of classroom" questions. 
With these data as feedback, the student teachers' evaluated their per- 
formance usiAg the modal behaviors presented in the methods instructions 
as a guide. A non-equivalent control group was established for each 
treatment group. ^ The attitudes of the treatment group members were 
measured before and after the treatment. 

The conclusions were that tl) student teachers in the treatment 
groups showed consistent improvement in their preparation and use of 
performance objectives and lesson plans; <2) in half the cases student ' 
teachej:^ in the lesson plan groilp who had low initial scores showed 
significant improvement; (3) student teachers who were high in initial 
performance on lesson plans and performance objectives remained high; 
(4]> the intellectual levels of the questions used by the treatment 
groups were not fqund to improve' significantly ; (5) Student teachers 
in the lesson plan and performance objective groups consistently out- 
perfonned t<he contrgl grou^ subjects; an^ (6) the attitudes of student ' 
teachers (presumably from the control group) toward systematise obser- 
vation becaihe significantly less positive whereas the attitudes of 
cpoperating teachers* showed .moderate improvement* * In brief, if 
subjects are notified iramediaCely about the, quality, of their perfor- 
mance, gains in performance may b*e expected. ^ 

Both of these 'secondary studies indicate that^ information about . 
a situation hap positive values. . * * 

' Three" studies were found that dealt directly with the ^directed x 
teaching experience, two were at the elementary level' and one at the 
* secondary. - ^ ^ * * 
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Wideen and Butt (363) conducted an investigation to seek answers, 
to two questions: (i) How do' Students who have freedom to make dec'i- 
sions at>ouf *thei& own program compare withi, students exposed to a more 
directed course /in terms of attaining course objectives? and (2) Do 
students pursuing a primary option (K-3) or -an intermediate option 
(4-8)* differ in the attainm<2nt of course objectives for^ the two 
approaches mentjjoned above? 

The subjects were 76 undergraduates (69 female and 7 male) who 
were enrolled in an introductory science methods class for prospec-- 
tive teachers. Most of them were in the second year, of preparation, 
with the primary group having a slightly higher GPA and having exper- 
ienced a three-week teaching ^session which the intermediate group 
had not. At the first class meeting they were divided, randomly into 
two treatment groups. In the course they were expected to learn 
about three elementary science programs developed recently in 
Saskatchewan, using curriculum materials ^in microteaching'^tuations, 
and demonstrate competence in scientific processes • In addition, 
they had access to. a library and audiovisual media. The subjects in 
the Student Directed Approach group were allowed po make decisions f' 
about their activities; they had self insttuct ional learning modules, ' 
videotapes and information packages and pursued activitie^ wh^n they 
chose. Those in the Instructor Directed Approach. met on a>i;egular 
basis with lectures and workshop type activities. The groupsSjere * 
t))en compared using scores on the Science Process Measure 'for TekcJlgrs : 
Form A; AAAS , a cognitive test, and an attitude scale and ratings from 
* an interview. 

. The results. showed that subjects in t^je Student Directed Approach 
were frustrated at the beginning and had an intense period of output ' 
^ at the end, whereas those in the Instructor Direct e'd Approach followed 
a more regular, pattern. Only one significant difference was found 
between the groups on the various measures and that was on the cogni-- ^ 
tlve test in favor of the intermediate group. ^ , ^ 

Jaus (156) attempted to .ascerta,in the effectiveness of integrated 
Science process skill instruction on prospective elementary teachers f 
In terms of (1) achievement of the iategrated science process skills; 
(2) selection of integrated science process skill insttuctional objec- 
tives; (3) writing of science process skill learning objectives in 
lesson plans; (4) writing of science process skill l^^rning activities 
in lesson plans; and (5) attitude toward the use of^ these skills in 
the elementary classrbom. A corollary aim was to determine the . 
effects of persuasive communication on, the five above variables. 

Ninety prospective eldmentary teachers who w^re j^uniors enrolled 
' in "three elementary -sci-fenqe n|ethods classes in a large .university * 

vere^ subjects. A one-way analysis of variance using scorjas of the 
^ subjects on the SAT-V and SAT-M and cumulative GPAs showed the groups 
were equivalent. (Th^ reviewer notes that this is statist i^lly * 
imppssible, since the" results could Only fail to show that the groups 
were not equivalent.) Instruction in the integrated . ^cifenc^e* process - 
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Skills was provided by ten self^ instructional pamphlets that required 
about eight hours of reading* The persuasive cdrtmunication was a 
three-p^ge 700 word handout pointing out th'e drawbacks of emphasising 
- facts and concepts but extolling the teaching of. process. Class A 
(N-26) had placebo instruction* invplving elements of contracting, ^ 
contingency and mastery learning; i^Class B (n-31) had 'integrated 
science process* skill instruction using the pamphletjy^ and Class C (N- 
33) 6sed the pamphlets. and the persuasive communication. 

The subjects were tested using (1) an investigator-developed 
measure foi: acquisition of^ integrated science process skill behaviors; 
(2) a selection of objectives questionnaire containing 20 objectives 
for 'a unit on Plants and Plant Growth designed for^third and' fourth 
graders on which they were to identify whether tbe objective was 
consent dr process; (3) an 'investigator-developed Likert-type scale 
of 30 statements dealing witH the measurement of integrated science 
process sMlls^ and (4) lesson plans on Heat that had to contain. * 

The results indicated thaf the control groiip performed signifi- 
cantly less well on the achievement test than did the other, two groups 
but the other two were^ not found to differ significantly. The same 
was found to be true for responses to the selection of objectives, 
questionnaire. Significant differences were not found among the 
groups with respect to attitudes. 

In summary, if instruction is provided, the recipients are 
likely tp do better than those who are not provided instruction. <> 
The design appears to be a "stacked deck" against the control if 
definitive recommendations f<^r action are made on the basis of the 
Jlindings. ^ . 

Nelson (236) asked the question, "Is there a correlation between 
the behaviors a science cooperating teacher has acquired in a training 
program and the classroom performance of his assigned student teacher?" 
Parenthetically, on^ may say that the answer is absolutely "Yes." The 
question should be directed to the size, anti direction of the coeffi- 
cient of correlation, not to its existence. 

In order to answer the question posed, th'e investi>Bation was* 
carried out during 1970-71 and the following summer and involved six 
. inservice workshops with two-ho>4r sessions for cooperating teachers 
who worked with preservice science teachers at the Univer'siti of 
Wisconsin-Madison. The objectives were to (1) identify .varies strengths 
and weaknesses of beginning student teachers; (2) communicate the infor- 
mation to cooperating teachers"; and (3) plan experiences to remove the 
weaknesses. "1 

• ■ \ ^ ■ ■ ' 

Ten-minute videotaped science lesso^ns were used during the' six 
sessions, the first of which showed microteaching 'by a .novice that was 
critique* with the novice. receiving feedback and then reteaching the 
lesson. The other 'tapes, involving novices who h^d organized and' 
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p^afcticed demonstrations and t,hose whp had not, were evaluated by 
the^ cooperating teachers. There were also tapes o^^questioning tech- 
niqties. Within the constraints of suibject-matter |rea. involved -and 
pth^r assignments, 52- beginning teachers were assi|ned randomly to 
3^ .cooperating teacf/ers, 19 of whom Had taken the training program* 
Twenty-two of the beginning teachers^complete^d their field experiences 
as'externs* t 

'5 A questionnaire of 26 items was ^administered to all science 
Ihtrpms and student teachers wfio had< practicum and, .intern exper- 
iences in 1971-72 ♦ Two videotaped minilessons of ten minutes each 
were usea as ^criterion measures ^^to judge the competence of the 
student teachers ♦ . . . * 

The data gathered showed that irrespective pf replication or type 
of .experiences, novices rated cooperating teachers in 'training programs 
as making m)re comments about planning, questioning techniques, and 
student ixm)lvement than those^who had not been' in the^ training pro- 
gram. The differences for the latter two were significant. It . 
appeared obvious that the results of the training program were. posi- 
tive* ' * * 

These last three studies emphasize a point that is well known: 
Inst ruction pays off « * , 

Two studies were found that dealt with competency-based tea/sher 
education. One by Diclemente (86)" had a threefold purpose; nam4ly to 
CL) investigate the ijnportance of the STP preservice secondar^sci^ttee^ 
competencies as perceived by a random saiiiple of New York StQte secon- * 
dary science teachers; (2) collect reciommendations from the science 
teacher surveys as. .to the educational level -(preservice; insefvices^ " 
or teaching experienceX^at which each specific competency should be 
acquired; and (3) obtain information designating the source (preservice, 
inservice, or teaching experience) from which the* teachers -surveyed 
obtained the competency. \ ^ 

Multiple matrix sampling was used to gather data concerning 248 
professional competencies from lOCfe science teachers, the 248 vere 
divided into eight subtests o^ 31 competencies , each/ Each was mailed 
to 125 secondary science teachers drawn randomly from the 1000, The 
response was about 30. percent, but it was claimed that the respondents 
Were fairly representative of secondary science teachers in New York 
State . 

*/ — 

The results indicated that 88 percent of the respondents consi- 
dered the competencies important. Most of the respondents indicated 
that they^had attained' the competenpies at the level they recommended, 
but it was not necessarily at the preservicQ level recommended by (6TP^ • 
Many competencies were neither recommended nof attaine4^at the pre-' 
service level and, consequently, ^re-evaluation of STP tecoHralendatlons^ . 
seems to be desirable. , 
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^West (357) investigated the effects of presenting the process of 
measuring to preservice elementary school science teachers by the 
abstract and applied modes df instruction. The primary concern of 
the study was to compare the gains made by students receiving the 
abstract mode with those of students ^receivin^ the applied, and the 
secondary concern, to compare student gains according to area of 
interest. 

The design involved assessing the process of measuring that is 
one of the elements of Science - A Process Apptoach which was used 
for the instructional materials in. the study. The subjects were 
students enrolled in four elementary science education 'classes during 
one semester at Murray State University, Kentucky, Twenty-five 
students were in each of two classes, and 26 in each of the other two, 

^They were assigned to two treatment groups, one /referred to as the 
abstract mode involving the presentation of artificial and abstract 
ideas; and the other as the. applied mode in which students used 
measuring instruments in simulated^ real life situations. Tests A and 
B were constructed on which items were- included representing the com- 
petencies in SAPA related to the process of measuring. The items on 
A were from the Competency measures of bdd-numbered lessons in SAPA 

.and from even--numbered lessons on the parallel form, The items on Test 
B were reversed. Test A was used'as \he pretest for one class In each' 
mbde and B as t^e posttest, and the reverse in the other two. 

The findings indicated-T3{iat (1) the classes in the applied mode 
gained more .in the process of measuring than did those in the abstract 
mode, (2) the level of the students, junior or senior, did not seem to 
be. a factor in achievement, and (3) science-oriented students gained 
more in processes of science by both methods than did students oriented 
to language arts or social studies. - ^ 

These two studies dealing with comi>etency were too diverse to 
warrant synthesizing generalizations. 

Three studies were'found that iealt with the evaluation of pre- 
service teacher education programs, 

One undertaken by Renner and Lawson (283) dealing with the Purdue 
Undergraduate Preservice Teacher Education Program, referred to as 
"An integrated 'Science Approach for Preservice Elemetitary School 1 
Teachers," sought "to evaluate whether or. not the Purdue experimental 
program through its concrete curricular materials and inquiry-oriented 
procedures had been successful in promoting 'formal reasoning abilities 
.In Its students;" 

% 

In order to accomplish the evaluation, 20 experimental and 17 
control students enrolled in a traditioi^al physics course for •elemen- 
tary school teachers were pretested on a battery of six Piagetl,au- 
style tasks including conservation of (-1). weight, (2) volume using* clay, 
and (3) volume* using metal cylinderis, and (4) separation of variables^ 
(5) exclusion of irrelevant variables, and (6) equilibrium in the balance, 

/ 



Students were categorized on the basis of their scores into substages 
of intellectual development. Following* two semesters of the experi- 
mental instructional program with the experimental^ group, both groups 
were posttested with the same battery and again categorized. The 
categories or substage^ were early, middle, late and post concrete 
operational and early, middle and late formal operational, ^ 

^An analysis of the results indicated that 7 of 20 in the experi- 
mental group advanced two capegori^es (substages), ten gained one, ^ one 
did not change, and three regressed one stage. However, an analysis 
of the diff erences . using pretest scores as a covariate failed to yield 
significant differences between the ^ains of the two groups^ The 
superior values of the Purdue experimental program were not established. 

Knight (176) explored the results of the earl'y field experj^ence 
in the Secondary Science Tearcher Preparation Program at Indiana Univer- 
sity where the field based program was located in classrooms in which 
ISCS w^s adopted; Some of the questions investigated were: (1) Will 
early experience change the preservice teacher's commitment to science 
teaching and his attitude toward the teacher preparation pr.ogram? (2) 
Will it change the preservice teacher's view of the role and the nature 
of science? and (3) Will itv change their vietffs of students or affect 
the preservice teacher^s major concerns about his abilities and needs 
as a teacher and cause the teachers to , express a need for a brpader 
science background^ ' . ' ) 

Three ISCS teachers who were given adjunct status and worked with - 
31 preservice teachers in ^18' hours of ISCS Preparation anrt ISCS Parti- 
cipation. Preparation consisted of ^our units. Rationale for Indivi- 
dualization, Questioning, Model Testiijg and Modifying, and Energy and 
Systems. Participation involved 20 hours of classroom contact under 
the adjuncts. A .questipnnaire was administered to senior high school 
students about the teacher's role and 6he 31 preservice teachers were . 
pre- and posttested with ^the Nature of Science , Scale , Teaching Profes- 
sion Scale , and Word Association Scale * - ^ 

~ ■ '1 

The responses, from pre- to posttest showed^ a change about the 
concept of the nature of science from the theoretical model. More 
disagreed with the ideas that (1) the fundamental drawing force in 
science is curiosity about the physical universe; (2) in the search 
for knowledge, science *is' process oriented and dynamic rather than 
information accumulation; (3) science is. aimed at comprehensivenlfes 
and sitoplif ication; there is no one Scientific method; and«*(4) 
there is openness of science unlimited by religion, politics or, 
geography. None agreed that (1) methods of science are value, rather 
than technique, oriented; and (2) tfhe physical universe is susceptible 
.to human ordering and understanding. Other findings were that a *«igni- 
ficant change was not found^in commitment to teaching although 
significant decreases w^re evident toward course work in education * 
©nd in attitude towaird qourse experience. However/ there was a'shift 
•toward positive attitudes toward junior ^high schooT students and 
teacliing in the junior h^gh school. 
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In other words, there seemed to be as many negative effects to 
the program as positive effects, - 

^ • Swami (330) undertook a folloWup study of graduates of a pre- 
service field-based program ^ Ohio State University^ in order to 
determine its effectiveness. The field-based activities involved 
teaching for a pe^od of from one to five quarters in urban and subur- 
ban elementary, junior high and senior high schools. The subjects were 
86 former graduate's who had fulltime^ science teaching positions in Ohio 
in 1974-75, or about 80 percent of the graduates of the program still 
teaching in the state. 

Inservice data were collected in the Spring 1975 from the teachers,' 
6tudent^& in a single class taught by each of the sample teachers, and 
science supervisors or school administrators. The instruments adminis- 
tered for data collection were the Science Classroom Activity Checklist ; 
Teachers Perception (SCACL:TP); Checklist for Assessment^ of Science 
Teachers: Supervisor's Perceptions ; Teacher Questionnaire ; Student 
Questionnaire ; Administrator's Questionnaire ; and Facilities Checklist . 
The preservic^ scores on the SCACL:TP were obtained for each sample 
teacjier from old college records. . . ' 

An analysis of the data failed to indicate significant changes of 
teacher's views about appropriate* types of classroom activities. v 
Neither w^re significant differences found among types of activitiers 
Implemented by teachers of one to five years of -teaching experience. 
Thus, graduates of this field-based program held about <:he same views 
abou^ teaching, and the use of activities in the classroom as they had 
at the time they completed their programs; they did not regress. 



Inservice Experiences 



Twelve studies were found that were focused mainly on inseryi^e 
training for science teachers. Two* dealing with support for teachers 
from the National .Science Foundation and the State of Georgia, seven 
with elementary, and three with secondary, inservice programs. 

Helgeson (137) reviewed literature that appeared from 1957-19174 
concerning the impact of National Science Foundation supported 
institutes on elementai^r and secondary school teachers, and the impact 
of these teachers on their students. The literature' included 63 
dissertations and theses; 41 journal articles; 23 reports to the 
National Bcience'Foundation, both interim and final; 9 papers 4>resented 
at. meetings; and two books. From his review he prepared a sjmthesis of 
"the^ findings 4 , ^ 

He reported that mucfi of the research was descriptive in nature, 
dealing with the characteristics of the institute participants, their * 
attitudes, various aspects of t\xe institutes and changes in^teaching 
and changes in behavior^ perceived by students, administrators, and the 
teachers themselves . , Several studies were concerned with changes in 
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the subject matter competence of the Rarticipants. Few studies dealt 
with thej^impact of the participants on \heir students, although thos6 
that did, ^emphasized effects on student ^achievement, attitudes and „ 
understandings of science* 

# ■ W 

^Instityte participants were generally more qualified teachers 
than nonparticipants,' had more contact with their students, tended 
to teach more science courses, held leadership roles, and were more 
likely to remain in science teaching. Although there was almost 
unanimous agreement that 'subject--raatter competence increased, there 
was no clear evidence of attitude change toward teaching. Changes 
in classroom teaching behaviors appeared likely, although any 
permanence of change was* not established. Insofar as' the participant's 
students were* concerned, th^re was no evidence of (changes in their ^ 
attitucu&s or interest, or an increase in their understanding of 
sciencer-" There were many areas of cogency in vhich £he data are scant 
and nondef initive. - ^ 

% 

McCarthy C2.14) stated th^t the putpose of her "inves^gation was 
to gather and "Organize data on the background of NSF and Georgia Grant-* 
in-Aid^ recipients who teach in grades 9 through 12 in the public, school 
systems of Georgia." An effort was also made to determine what addi- 
tional, benefits may^'have been accrued by* the recipients. The extent 
•of accrual was judged by comparing the changes in the acajdemi'c back- 
gro^irids of the .teachers who participated in a number of continuing, 
education programs and with those of teachers "Vho did jnot. 

The final sample .consisted of 3L5 science teachers in the 125 
schools riidomly selected from three, four and' six-year high schools 
listed in^he Georgia Eciucational Director (1969-7Q) . • ^ , ^ 

Data were gathered from (1) the Georgia^ Princinars' Annua! Reports 
'op file in^the Office o^ the State Department of Education in Atlanta, 
and (2) from a quest ionnat^re completed by the science teachers in each 
school represented by the sample. Data were studied in ^terms of four 
discrete and four dombination groups of teachers including (a) NSF 
Institute and Program participants; (b) Georgia Grant- in-Aid Reci- 
pients; (c) those. who financed ^their own graduate education; and Cd) 
those who ha^d not returned Cb college since' meeting , the minimal • ' 
qualifications for certif ic4tiop. Among the combination groups .were 
Ol) tho^^e supported by both th^ NSF and the Georgia Grant- in- Aigfl pro- 
gtam; (K) those financed by Georgia and by personal funcf«4«*,*(c>. t^ose 
/supported by the NSF and ^ersonal^funds^ ' and (d) those supported by; 
the NSF, financed by Geotfjgia and by personal funds. ' 

The findingV'findicated that of. 213 teachers who i4ceived graduate 
credit, 129 were subsidized, 84 paid their own way,/4i^d 110 received 
some support from the National Science FoiJhdation,_ whereas.. about ^0 
w^re Georgia Grant- in-Aid recipients* About 61 percent^ had support 
from J^he NSF or Georgia or both* It was concluded^ that these grant 
mechanis&s were the mbst effective motivations for* thole with the, 
least extensive academic backgrounds.. ^ , -"^ 
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Bogut and McFarland C^5), attempted ttD determine (l) if there is 
any significant relationship between elementary teachers' realistic 
an4 idealistic attitudes toward selected science relat-ed topics; 
(2^if the degree of dpen- and closedmindedness* of the teachers has 
an^ relationship to these realistic or idealistic attitudes; and ^ 
(3Xif instruction has any effect upon the changing of these atti- ; 
— rtu^s. The study was pursued with six sections of inservice ? . 

elementary teachers enrol,led in the summer session of a large mid- | 
Western ^university. Two of the sections consisted of enroHees iij af 
graduate course in elementary science methods and four, in a graduate 
course in general elementary methods, two of which were designated a$ 
the experimental and four as the control. All students were adminisr 
tered the Semantic Differential Attitude Inventory and the Rokeach i 
Dogmatism Sc^le (Form E) as pre— and^ posttests,, Three major concept^ 
were investigated from both, the realistic and idealis-tic viewpoints,^ 
namely, the way the subjects felt (realistic) and the "way they would 
like to fefel (idealistic) about (a) themselvtas as elementary science - 
teachers; (b) science; and (c) noise during , science class. The Camp- 
bell and Stanley Non-Equivalent Control Design was used with the 
RokeacK scores employed to de'signate subjects as experimentalr-open; 
experimental — closed; control— open; and control — closed. Fifteen 
subjects , were randomly assigned from each population to form sample 
groups. (All participant's in the experimental groups received instruc- 
tion in basic and ^Integrated process skills as well as having exper- / 
lentes with ESS and SCIS units. ^ ' \ 

JThe conclusions from, an analysis of the test scores were th^t 
(1) opehmlnded teachers in both' groups .became consistently more 
realistic; and (2) the experimental group exhibited pos^itive realistic 
attitudinalrchange, 'A • - 

Moore (228) investigated the attitudes tot/ard science and science- 
teaching. of participants in an alemehtary science Cooperative College- 
School Science Program (CCSSP) in Butler County, 'l?ennsylvania that 
began with a four-week workshop in the Summer 1971, Materials related 
to new elementary science curricula being used in their schools were 
supplied to them in the Fall 197i and twelve meetings were held duriX^ 
the school year 1971-72, with 31 teachers participating. 

The Science Teacher Attitude Scales were administered five times 
to the 31 participants during the two years: (|) in Spring 1971 after 
selection to participate; (2) on June 14, 1971 during the worksfiop; 
(3)on July 9, 197L during the workshop; (4) in the Spring 1972 when the 
programs had been in use for about one year^ and (5)^ the Spring 1973, 
The differences among the scores were an"alyzed by the JF*- ratio. 

The results^ of the analysed ind;Lcated significant increases in 
positive attitudes toward science and science teaching from 'the- beg in- 

• ning to the end of t;h^ summer workshop, * However, there was a 

significant decrease Ip positive attitudes between Spring, 1972 and^\ 
Spring, 1973, and also from the Summer, 1971 to Spring, 1973, But^ \ 
positive attitudes increaseld significantly from Spring, 1971 to Spring, 

T^1973, InitiV^ly the Hawthorne'^ejEf^t may b^ suggested but once" changes 
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reach a peak they seem to decline. The reasons for the decline are 
a reasonable subject for investigation. 



Westcott (358) j«anted to determine if there were differences, 
on the basis of selected characteristics related to science educa- 
tion, among three .groups of teachers and their students. The teacher 
groups w.ere designated as T-1, T-2 and T-3; the first received an 
ln.depth inservice elementary school science training program by 
personnel from the University of South Dakota; the second received 
a similar program' conducted by teachers in T-1; and the third 
received no inservice experiences. The corollary pupils of the 
three groups were designated as 1^1, P-2 and P-3. 

The subjects, both teachers and pupils, were selected from the 
Sioux City Community School District, Iowa, with three randomly 
selected teachers and ten randomly selected students from 6 of 28 . ' . 
elementary schools. Thus, the total number of subjects in the (T-1) 
(P-1); (T-2) (P-2); and (^^3) (P-3) populations were 18 teachers and. 
180 pupils. 




The teachers' attitudes towardv^cience were measured with ^ 
Likert-type scale that was admiTiisterfed individually . The, time . 
spent in the classroom on science was 'judged on the basis»^f a "best 
estimate" in which- three interviewers consulted with each ti^acher 
and principals The "scienceness" of the clas^^om was determined 
by threes raters using a questionnaire to judge ac;t:ivity level. Pupil 
attitudes toward . sci%ice were measured with "Facess" an, instrument 
used in SCIS, and an adaptation of "Ouj: €cience Cla^^"' from SCIS was 
used to determine how pupils perceived their science ^lassesC 



Analysis of variance was u§ed to measure differences among the* 
three treatments and, except for the f acti that teachers'^n* group T-1' 
spent significantly more time on science instruction than did teachers 
In the other groups, no significant differences were found. 

Darlington '(78) designed a study to determine whether- a randomly 
'selected group of Delayare public elementary school teachers, grades 
,3-6, who worked with a Del Mod Field Agent demonstrated significantly 
different understandings of the nattire of science and scientists* and 
significantly different teaching methods from a'^simi^Larlyi selected 
group who had neyer worked with a Del .Mod Field Agent. The 'subjects'^ 
In. the sample consisted of 50' f ulltime elemehtar^^' teachefjs ,' 25 of 
whom had worked with an agent in 1973--74 and 20 "of whom had not worked 
with an ^^t in .that school year. They were designated las the exper- 
imental ^Kt:*ontrol groups, (respfefctively . • . ' # ' [ ^ 




In ^Hber,il973, the Test on Understanding Scie'ncQ* (TOUS) was 
administered to all subjects"^ In May, 1974, continuous / five-minute 
teaching segments of all .subjects were videotaped and a/ panel of 'six 
Judges viewed the tapes without .knowledge of which group the teachers 
represented. The judges rat6d the videotaped' teaching /behSvibrs on' 
«a '£(eVen-point scale based on a series, of question^, the consent of 
which represented desirable science teaching practices. The TOUS was 
then used as a 'i>osttest with all subjects and the t;-test was used to 
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compare the scores/ The entry in Dissert^"tion Abstracts International 
does not indicatfe wH|ether 'the postfest scores or gains between pre~ 
and posttest scores i;ere used in the comparison but it is assumed 
the latter. • ; 1 * - / 

The analysis failed to indicate that there wera significant 
differences between the two groups on unders^ndings of^ the nature 
of science and scientists;- with respect to *usjtit^ materials other, ' " 
than the textbook in teaching sciencej^sing concrete examples or 
experiences, using abstractions, ideSsand verbalizations; or giving . 
praise and encouragement to students. It was indicated thap ^ 
"probably" teachers who worked with a Delt Mod Field Agent used 
an Inquiry-based approach and individualized instruction to a 
greater degree than did those 'who had not. ' ^ 

Bedwell (29, 30) attempted t-o determine if teachers trained* In 
"question-asking skills ^nd in using a high level' questioning strategy 
would cause greater cognitive achievement an4,more positive attitudes 
among pupils they instructed than would those teachers using a low 
level questioning strategy. In the first phase of the study teacliers 
were trained in question-asking skills, in the second phase they used 
the skills in the classi^oom and data were cpllected to determine^ the 
effects of two questioning strategies on student 'achievement and 
attj^fude. 

.The subjects were nine inservice elementary teacher§ who parti- * 
cipated in a worjcshop designed to improve their question-asking ' 
skills. The results of the workshop training procedure wer^' analyzed 
)>y cc5Bjparing (1) the level of questions asked by the teachers before 
and after instruction, and (2) the ability of teachers to classify and 
to Write questioijs according to cognitive- level before and after the - 
workshop. . In order to determine the effects on student achievement 
and attitudes, aj.1 teachers conductedc discussion lessons following the 
workshop training, pie lessons /were based- on three' stories selected 
from a fourth grade^^ reading series. The pupils *in each clas^ were 
divided into two groups, one o& which particip.ated in discus^sion^ 
lessons in which high level questions were used, and in the 'other, the 
^iBmphasis was on low l6vel questions. Each teacher taught three lessons 
^using each strategy and then the students =were administered three post- 
otests measuring six^Levels of cognition, and also -an attitude test. 

An analysis of* the results indicated thatd) teachers can -be* 
trained to classify and write questions according to cognitive lev^l 
usfng the procedures in this study (2) they were able to improve 
significantly in the ability to classify^ and write questions at six 
leVels of cognition; (3) they can raise the cognitive level of -their 
clas^ discussions' through instruction in question-asking, skills; ^nd 
(4) thepEL was no evidence to suggest that teachers using high-level 
questions effect greater stAident achievement and more positive atti- 
tudes thaii^id those using low level questions. * 

* 

. The next fourX^tudies deal Hith inservice activities related to 
^SF^supported Course" C6rvt?ent Improvement Programs. 
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Wideen (3S2) undertook a study to examine patterns of tocher 
behavior and to compare student outcomes from two settings in which 
different elementary science programs were used based on alternative 

.^. psychological approaches. The two psychological- approaches were, 
claimed to be the '^cognitive restructuring approach'*' exemplifiecf"^ 
by Elementary Science Study (ESS); ".and the "behavioral approach" * ' 

. -exemplified by Science — Process Appjjoach (SAPA). 

V • ' ^ ^ 

^ Six teachers were randomly diyided into two groups and trained 

in four-month workshops, lA one group, thre^ teachers leajrned the - 
psychological un^rpinriings and methqds, of implementing ESS; ttii^ei::^^^^ 
three teachers in the other, *SAPA. During the workshop period they 
taught elementary science using the curriculum materials reflecting 
the two appircv^hes. A 53-item pretest was administered to the 



\ 



students, about ohe-third« of the items describing science activities 
and. about two-thirds of the items describing^-atrlerice processes and 
related subjects. In addition, a seven-item ^multipl-er^oice test 
was administered with two openended problemA designed to measure 
abilities to make observatigns and inferencesT" * ' 



An ajflalysis of the results indicated that, the interest of boys 
waned and that of girls increased during the treatment*. No differ- 
ences found between students in the two programs with respect to 
differences in cognitive structure to demonstrations involving 
changes in physical phenomena. Also, it was not possible to evaluate 
relationship^, between teaqher^ behavior and student performance.^ How- 
ever, it appeared that the two classrodpi enviroflm^ts^were^perceiv^d 
differently by teachers.- ^ ^ . ' 



Mullens '(231) proposed^ to' examine and describe the amount of * 



cha«g^^^ent activity and self-use engaged in by the science educa- 
tors, scj\encfe teachers,*'- and science curriculum coordinators Who were ^ 
participants in the Callege Teachers. Workshop in EleAefetary Science 
pt MicVtigan State University. The programs-of concern were Science — 
A Process Approach (SAPA) and the Science Curriculum Improvement 
Study (SCIS) . #<r 



Measures were taken during the workshop of the participants* atti->' 

tildes toward, and- knowledge of, the ^o programs of concern. Que^tionp 

naires were administered twice to the participants during the schoot^"'^ 

year, following the workshop, ' to' assess the amount and type of ^change 

agent activity ^^and the se^f-use pf the programs. Statistical tests 

were used to iny^e^Vigate relationships between participant knowledge 

and (1) amount oJE change q:gent activity; (2) self-use of programs; and 

(3) immediacy of change agent activity, and between, participant ' . 

attitude and C4)'amount of Change agent activity; (5) self-iise of ^ 

programs; and (6) immediacy of change agertt activity 

t 

, An analysis of the data indicated that (D the amount of change 
agent activity^decreased during the second half/of the year following 
the workshop, (2) the role of the participant and his geographic loca- 
tion influenced the amount 6f his change agent activity, an^i (3) only 
the science educators indicated any self-use of -the programs. 
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Significant partial correlaX^betps were found, between ^ 

attitxide and the amount 'and immediacy of ch/ ange agent activit^, 
between participant knowledge and immediacy of change agent activity^ 

McNair (218) investigated the extent to which a group of novice 
ISCS science teachers imp^-'emented the Project's intents as actual 
classroom practices. The subjects involved^^re JX novice ISCS 
teachers who were among &0 junior high school ])^ach\rs who had A 
participated in three ISCS Institutes. The f^al research sample ^ 
consisted of eleven novice teachers from three counties. 

Three instruments were developed in a pilot study in, ^973 involv- 
ing two seventh gr^^e ISCSizI^ses for usesin gath'fering data. These 
were the Teacher QuesVtotfnaikgj for Individualization (TQI); Studejit 
Questionnaire for Indiv.idualization (SQI); and Classroom Observation 
Record Individualization . Tlfe^^ were claimed to measure four instruc- 
tional dimensions .related to the ISCS cfommitment to individualization: 
(1) managing equipment and materials; (2) evaluating individual student 
progress;- (3) establishing classroom setting; and (4) individuali'^ing ^ 
instruction. . ' - - ^ t - 

Statistical analyses of scores obtained from administering the 
measures did not indicate significant differences among the scores 
for the commitment index, the TQI ancjg.SQI; sjLgnificant differences 
were found among teachers. Thi^ seemed^ to suppor^^^s^e idea that 
teachers implement ISCS in different degrees. * It was indicated that 
(1) these three measures are capable of indicating the extent to which 
ISCS intents are actually practiced in the classroom, (2) teacher 
commitment t?Q^ TSCS intents for individualization is related to t,he 
extent to which teachers actually put. thetn into practice', (3) ^tudent,^s 
perceptions of classroom dn^tructi'Siial* practices are as^ valid as any 
pther source, and (4) significant differences exist among the levels 
to which ISCS teachers implement the ISCS Project 's; intents as^-actifkl 



"tclass^oom practices. 

A number of the^firtdings are difficult to judLge as emerging from 
the data that w^r^ collected; the sample only included eleven subjects 

I . / 

Mayer, Disinger and White (2i2) pndertook an evaluation of an ' 
inservice program fox earth science teachers. It was dealt with here 
rather thai^ with studies in an earlier section including studies on 
evaluation because oi^ the ingervice emphasis. Specifically, a grant 
was made in 1969 by the NSF to'The-0hio State. University for suppart ^ 
of a Cooperative College-School Science Program (CCSSP) with five 
school systems in North Central Ohio with the specific objective 
of promulgati-n^ the Earth Science Curriculum Prpject (ESCP) . The 
intent was to* improve teachers' understandings of .principles and. 
concepts of earth, science, assist them in using investigatory < tech-' 
nique^y and help them develop* and implement laboratory priented earth 
jBcience* programs in their schools.' A continuation* grant was received 
in 19Z0. - • . 



\ In implementing the grant, a |our-week summer wpr^Jcshop.was held 
in the Summer 1969 at Ohio State with 32 parti'cipWrs\ ^^Itr'f 9'69-70, 
during the inservice phase, 'twelve teachers. piloted the ESCP 
materials ^t three junior high .school grader levels whereas the 
others 'used traditional earth science .or ^neral science textbooks. 
All particiM^lfe^met at OSU once a month\?o review progress. . Jn 

.the Summer o^j^JO, 20 of the 32 returned for a six-week session and 
the pilot material$ were studied and revised. The revised material 
was implemented in 1970-71 in the participating schools. 

/ . . 

During the first summer pre- ^nd posttests wete developed by 
staff from Investigating the £ar|:K . Th^e classroom effects were 
tested over three years with Test of Science Knowledge . (TQSK) ; 
Concept Process Test (CPT) ; and Science Classroom Activity Checkjdist ; 
'Student Perception (SCAL:SP). At each test interval a random s^lec- 
tion of classroom students 'took the SCALrSP, and TOSK or CPT^f/ 

Analyses of the data indicate that probably only two jert)jectives* 
were met: (i) improve, teachers' understandings "of earth scien^ prin- 
ciples and concepts, and (2) assist teachers^diP using 'inv4stigatory 
techniques in the classroom. It was reasonable to ass<jme that the 
development aftd implementation of laboratory courses /In earth science 
did 'occur. There was no direct evaluation of teache^s^, ability to 
self assess classroom behaviors. Despite the lack.'of extensive posi- 
tive findings, the study appeared to be well desired and managed. 

Th^ final st:udy in this section was one by Rhodes (285) in whihh 
he tested assumptions by Bloom, Krathwohl, Tyler, \Metos and others 
that ans^^ns^rvice program for teachers which involved test item writ- 
ing, andy which focused on higher cognitive levelg would modify verbal 
behavior iti the classroom. » ' 

Iiy order to test the assumptions, a pos.ttest-only control group 
experimental design was used with biology teachers f rg^m rural central 
Alberta who wefre using the BSCS Green Version textbook. The teachers 
were randomly assigned to an experimental' group (N=»8) or a control 
group / (N=*ll) . Those in the experimental j^oup shared* in structurings 
the^ir/own activities but within broad guidelines including (1) joint 
participant planning,, C2) task-centered utilitarian activities^ (3) 
^matic feedback and*" reinforcement*, aftid. (4) model materials for 
judging their performance. Inservice activities involved writing 
tes^ items and meetings with the investigator for three months. • 

Post, treatment measurements of teacher and pupil clasgroom 
dl^cyssibns for both. experimental ^and/ control groups were ac'complished 

analyzing videotapes of fclassroom aflftivities. These w^re code*d 
u^ng a modification of , the Content Jnterac'tion Analysis category 
system develope^^ by Hansen. ^ 

Statistical analyses of the ^ata failed to yield significant 
lifferences ►between the experimental and' control groups, .insofar as 
verbal behaviors in tK6 classroom wejre concerned. Thus, 'the inservice 
>rogram was not l^ound to be 'reflecXed in change^, in verbal behavior ' 




In the classroom. It was discovered that teachers spent about 63 
percent of cljpssroom time talking and pupils about 15 percent. 
Teacher -questioning involved about 10 percent of the time with 
less tli'ah' 1 percent for pupils. ^ ' 

The small numbers of subjects iii^khe experimental and control 
groups almost preclude statistically significant differences unless 
the differences are "pathological.". This may be a reason -fo^ the ^ 
failure t6 find significant differences. v 

The studies on inse^rvice,' education indicate changes do occur 
but their stability beyond a year/is questionable. J^fost changes 
seen to occur in'knp^v^ledge areas and not in the< behavioral and 
affective areas. Less than adequate instruments to measure charac- 
teristics in these latter two areas* may be a factor 'in these results. 
» * 

Teacher Training — General ^ 

Six of the studies dealing with the preparation of science 
teachers were difficult to categorize.. Consequently, they w^re dealt 
wmph in' this "general" section. 

In the first reported here, Bozardt ' (50) attempted to answer 
^three questions: Will teachers. having instruction in systematically 
-^asking question^ (1) ask more questions at cognitive levels^ higher 
than memory than will teachers not having the instruction? - .(2) ask 
©ore questions' in a systematic teaching situation than will teachers^ 
riot having the instruction?, and (3) involve a greater proportion of 
cla^s tii6e at cognitive levels higher than memory than will teachers 
not having the instruction?*^ 

Self-paced written modules were used for "the instruction of the 
subjects who were enrolled iti three sections of a science methods^ . , 
course in a large southeastern university .in the winter quarter of 
1972. The techniques involved usiiig a Posttest jOnly Control Group 
Design with mociules on g^uestion strategy-'cover^jig cognitive levels 
of learning of Application, Interpretation, Translation Memory, ^d 
Memory. The learning experiences offered familiarization with a 
question classification system, field experience in using the system,- 
and feedback by self analysis* and, audi9tape. In addition, the exper- 
imental group was familiarized with, and practiced, a' sequential 
questioning strategy. The subjects -were arbitrarily assigned to one 
of three class sections and randomly assigned to experimental and 
control groups within those sections. After attrition, 38 subjects • 
were involved, about equally divided between the* experimental and' 
control groups. - , . ^• 

Data \>ere collected by means of tapd recordings of teaching in . 
a portal school and trained jucjges classified the questions on the 
tapes* Three hypotheses based on the questions were tested using 
multivariate and' univariate analysed of variance. 



The, statistical analyses failed to show any significant differ- 
ences between the experimental and. control' groups on-any of the^c 
hypQtheses. The instruction provide4 the experimental group 
apparently had no effect. 

> • • ' 

Berger (33) sought to (1) develop a set of elementary school 
science teaching competencies with significant elementary school 
tea^her/iUput and <2) compare .ratings of elementary school Jieaizhers, 
with [those of] science teacher educators .on two scal.es: . (a) when 
competency should be attained, and (b) how important the** A)mpetency 
is 'to elementary science teaching. The competencies were gena^rated, 
grouped and then rated in a cooperative enterprise involving"^14 
elementary classroom teachers and 7 teacher educators ^t the Univer- 
sity of Michigan. The responses of these two groups prodiiced a^llst 
of 23*0 competencies, ^ ] 



e contributions of the two groups provided the data base that ♦ 
was analyzed iising the Mann-Whitney Utstatistic.^ .The analyses indi- ' " 
cated there were significant differences between the two groups on 
19 percent of tfie 230 categories.^ Among the items for which differ- - 
ences were found were thfe categories of Control, Materials, Inservice 
Opportunities, and involvement of Students. In general, teacher 
educators rated inservice opportunities, child centered activities, 
and competencies, in the use of materials higher than did the teachers. 
"However, teachere rated classroom control and organization of 
materials as being |3ore important for. science education, than did 
the teacher educaccfs. ^ ^- 

Yeany (369) reviewed studies with^ research findings that suggested 
that it would be pedagogically sound to make an attempt to analyze our 
[sic] research strategies and, if needed, adjust them to more, indirect 
interactions. ' ' ' , ^ . : 

He claimed he reviewed fifty research studies relevant to more 
indirect ^interactions in teaching strategies. According' t^o his state- 
ments' there -was s.trong support from the research studies for. concluding 
that the type of teaching ^trate^es employed were related^ to sjtudent 
outcomes and therefore the types of teaching strategies had implica- 
tions for training teachers and encouraging them ^ to use inductive'/ / 
Indir^ect teaching strategies. It Was alleged that this cdttld^je"'- 
'accomplis'hed by analyzing model lesfeons'with a ^stematic observation 
instrument. ; i - . j / . » ' 

Armstrong and Ladd- (13) undertook an investigation th^t developed 
from the need to produce more inner-directeS 'and*more internally con- 
trolled teachers. They indicated .that inner-direction refers. to the 
degree to whiph a subject is cantrolled by internal goal^ and desires 
and that the inner-directed person tends tcu be more autonomous or self- 
»8uppor;tive. They defined inner^ontrol as the degree |o which arl • ' 
individual believes that his own behavi^or. skills or Internal disposi- 
tions determine whatf^ reinforcements he ^receives. • • ' ^ ^ 
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)' The investigation involved the implementation and evaluation of. 
Rotating Peer Supervision in a science teaching methods course. 
R9tating Peer Supervision was' defined- as a process in which studemts * 
teach othex; .students 'an;d themselves ^bout tKe^eaching process 
through obserjjetion, analysis, ^d evaluation of their own teaching 
and^that of, tfheir colleagues! The subjects were 74 college juniors 
enrolled on a random basis in three sections of an elementary 
science methods course. Two sections foJLlowed the course syllabus 
and experienced Rotating Peer Supervision with a 15-minute presen- 
tation In class, whereas the third section used only the syllabus. 
The treatment involved (i) preobservati'on in which the trainee sub- 
• inltted a science less plan to each member ^of the "supervisory" team 
^ of five or more',colleagues, (2/ microteaching. a lesson that was video- 
taped before colleagues, who acted like children, (3) an apal^Rs of 
the 'videotape by the Supervisory team that made suggestions for 
improvement, (4) review of the videotape by thft trainee alone, and 5) 
& supervisory conference. * , 

The pre^ and posttests administered were tne Inner Direction 
Scale of Personal Orientation Inventory and the Internal versus 
External Control of Reinforcement Scale . The results faile^d to show 
significant differences between pre- and posttest sdores of the two 
"ipethod" groups, or between the control and experimental groups. It 
was conelyded that choices and decisions were based more on their own 
i4temal motivations than on external forces, and that perceived rein- 
forcement seamed to depend largely on luck, chance or the influence 
of) "mor^. powerful individuals." The findings could not-*«*^ons trued 
as, being consecjuential. 

^ Shanks (305) attempted "to determine if there was a 'cognitive 
style** which influenced the ability of female p,r^service elementary " 
teachers to acquire the science concepts prese&ed in a general elemen- 

credential preparation course that was^tauglft at San Francisco 
Sitte University. In thi^ study cognitive style . • [was^ def irie^ 
as': a stable and preferred mode of perceptual organizatiaii^nd concep- 

Vtual classifXcation of stimuli/, as .determined the environmental * \ 
situatio]^ a^d the individual. v The design is ah example o^J^ ex post * 
fat^to. riaearjch ih 'which -a jpeasur^ pf the Isciejjc^.^jcoriceptk^'presented in. 
- th0 two-4enJJster cd^se provided the criterion test (dependent variable) 
for the stuay. * . • 

The. test for understanding science concept;^ consijgted of 32 explan- 
ation (c|use-'ef feet) problems, 2'4 prediction projfileins, >nd 'an additional 
54*^multiple-choice items. ( Tjie- subjects, 95 females,^'were^ also admlnis- 
' te?:ed the Sigel Cognitive Style Test (SGCT) consisting of 35 pi-ctufe 
•sets of three pijttures, two of whicl? Wjate similar.- The responses were 
categoriated and scored as Descriptive Part, Descriptive Whole, Gate- ^ , 
gorlcal. Inferential, and Relational. 

An analysis^of the. results indicated that high kchievers in science/ 
cot^cepts preferred t:o use simple labels on. the SGCT duch as ^ irooind" and ' 
**bdth are girls." This was construed to be a deseriptive-categoirical 



or analytical cognitive style. The lovr.-aichievers in science concepts ^ 
evidenced "memory-^oriented r,espon3es. It was concluded that a person's 
cognitive style is related to tl>e ability to grasp and unc^erstahd^new 
-meanings. * . . ' . 

In the last study in this general group', Perkes (263) fedugnt* to 

measure what, ^l^earing selected background factors have oh t^a.chq^s' . 

reported proaLivity to teach science. The 'lnten't was to pt^abe ; 

i;elatiohships* between teacher bacffeground and reported. commitment and 

confidence »tfo t^ach sci^ence.v^ x s • ' • ^ 1 - . 

# . ' \r ' . • . ' 

The subjects in this investig^i6r\"were 52 prospective 'elementary 
teachers enrolled in a teacher .edi|cation program^ at the University of 
California ak Davis, T),^ta were .gathered by .administering- thred . 
instruments to the' subjects, .(1) alqliestionrtaire^ reque^-fe^ir^ 
cal information, (2) the Omnibus -Pfersbn^ality lhSfei;rtfgry^ ' (OFI)^ • 
Methods and Procedures x)f Science^. An Examination, "^ (MPE?.. The .infor- 
mation requested on the questionnaire -^indluded, among b^her/^Tiing^, ' * < 
ntnnber of high school science courses completed, the sciente cQurses 
.they had taken suck as IfS and BSCS in which aew, proj.ects were adopted, 
number of college sc;Lence .course^ and number t^at invblved labpratory " 
experieni:es,\ difficulty ehcoiantered in'academic 'study .{i£ science, ^ ^ 
preference of^reas tb teach', in the elemehtary^^chooj curriculum,, and. 
opinions about adeqtiacy to. teach Blementary science*. 



Corrielatioh^l analyses used, ylth 2%^ variables ^indicated *tt\atCi} 
unsatisfactory pf^ frustrating encbunt'€j^i?s between -tlj^e pVoSj^eoti-v^e* . ' 
teacher and the -^i^adeijiic study of] sci^nc^' are sil^if icantiy' an4' ' ^ \ 
^gatively related^p^ .the, el^'ctioK- of ^$d(Jition^l s^ci^e courses and * 
thi expressed preference^*, and opinion .of** adeqiiacy, io teache'f- elemen- 
tary science, (2).£h*ere;wa*e a low relationship be twfe^n MPE scores^^^and ; 
preference and adequacy values^ ab;^'*(3-) none.bf ,thje 13^0PI /scaj.i^s iras 
fbund to be significantly rel4te'^^ to. t^He background of ther^prospective^ 
teacher, the undet^stamiing i^f th^e^^metKodolDgs^ science, -^br .to . V' 
preference and atdequa;cy values .%\."p[la'^'factipr 'tl^t%t^ is. the ' 

extent to which^ the* interfaces: .ie^tx^^een ktude'nts and science, cour-ses' j 
are * positive'* ~ - - ? ' " * . / ' ' \ \i ' 

Generalizations on this' iid^ellaneous- group of 'studi are difXi-^ 
cult io come by. 'Bowevery ^t does sdem tliat th'e extent. '.tp which a * 4 '\ 
prospective teacher vi.^s his acalfemLc splehce* cotgrses^ positively^' ' 
"^Is most imprfrtaat in fostering. positive ,,atti'tu\ie^ teaching* • 

9Cience^ Also,, efforts to influ^fece. sci*enc4 ^teachers at all levels.' \* 
to be innovative miist permeate aljl pr*6*afe^rvlce.as.,well .as $11 | f 
Inservice. programs. Innovations will not emergfe from shojft-tefm • !^ 
efforts. - ' • ^ — ^ * • L'. ' - ' "I* 'V. 



How Do' They do It? — The Methods 



The previous major .section was concerned with the most; ..important 
"learning experience*' in science teaching, namely, the science teacher • 
'In.thi^ major section, s^idies about learning experiences provided in 
^the .teaching situation are x:onsidered. Obviously, many of these 
sttidies have purposes that overlap wj|h some of the studies in the' 
preceding' secti^tTS , as well as with ^me of. those in the, sections 
that follow. The reviewer' accepts the responsibility for the'» • ' 

decision t6 consider them here. - 

' ' ■ ■ ' ■■„ : ■ 

Self-Paced Instruction . ' *• ^ ^ 

The preoccupation witli self-paced or\individualized instruction 
Is evidenced by the 49 ^research studies > published in 1975, that dealt 
with this topic. Many term^ are used, for thi^ instructional format 
including self-paced instruction, individualized learning strategies, 
and personalised learning. The type currently investigated most 
frequently is the audio-tutorial method. For convenience the studies 
a^^e dealt with in four majbr categories: (1) the' two sti^dies that were 
teviews of research in the area, and the remainder involving the (2) 
elementary, (3) ^efcondary,- dnd (4) college levels. 

R eview s of Research. Mintzes (224) stated that "this. ,{iaper 
\revlews, summayi^es, and evaluates the research on A-T instruction 
and attempts t<> provide some dlrectJ,on for future study." 

His search of the literature revealed 19 research studies that he 
classified into general* categories, those' which (1) attempted to compare 
the A-T approach with a m6rj£ conventipnal approach, ^t) sought to. find 
a relationship among student Variables and achievement in an A-T 
course, and (3) investigated a series^ of instructiohdl variables asso- 
ciated with the A-T approach. He indicated that the difficult ^ . 
.pedagogical and administrative* problenfe that f^ced science departments 
±n colleges and universities in dealing .with large ilumbers of under- 
graduates in introductory^ cotlrrses in the 1950' s led to efforts to find^ 
alternate modes of instruction. He 'claims that Poistlethwait in 196l 
was the first to. audiotape ^discussions for use In carrels with tape 
recorders although these were later supplemented y7ith other types of 
learning packages and the students were guided to mastery by behavioral 
objectives. . ^ ^ ' .^-^ ^ * ' * 

\^ With respect" to the research,- he indic:ated th^t comparative 
studies seet& to he inconclusive and even contradictory with^^A^^Ngroups 
performing better in some cases, conventionale groups in others, and 
in /still other cases, no evident differences. It appears that ^u- 
. dents <kifh stihDrig academic backgrounds and/or aptitudes, ij:^ science '^nd 
mathematics seem ro achieve significantly better in A-T than do 
students in other fields. Also, certain personality traits as 
measured by thg Cuilford-Zlmmerman Temperament Scale (GZ.TS?, and 

/ « ' ' ^ : ^ . ' , • 

' / ■ ' ■ . . • . • ■ 
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8<iores*on the, intelligence scale on the Sixteen Factor Personality 
Inventory seem.^to be related~to achievement , in A-T. He concluded . 
that the results were disappointing, possibly bec;ause the questions 
addressed in the research were not of sufficient- importance . 



As with most comparative studies methods armseld^ found to be 
significantly different wit;ii respect to achievemSt;, with intelli- 
gence^ being the most influential factor. " * * 




Royce and Shank (29^) stated that "what we hope> to do is to ^ 
summarize, th^ results of research papers on individualized teaching, 
and to dr^w* conclusions ^bout its usefulness* and ap'propriateness ^in 
science educationv Specifically, we hbpe to answer these questions: 
What is individualized learning?, Will it provide ^students with a 
bjtter educatipn? Under what circumstances?" The- literature was ' 
reviewed for the period 1967-1574. Twenty-one ^articles found in 
science education journals or ^Dissertation Abst/ract^ were consi- 
dered. These wer6 examined for achievement- in/ terras df cognitive 
objectives, critical thinking and inquiry. 

The investigators stated that most of the literature was descrip- 
tive and that flaw studies compared individualized* methods with ^ 
traditional^ ^roup-paced^ instruction. They indicated that little 
difference was found for achiev^ent in cognitive objectives, , 
••inquiry' skills, and critical thinking betj^een individualized and 
group-p^ced when measuring understandings of science, and the nature 
of the scientific enterprise^'dn favor of the individualized in two 
of *«ix studies, four being inconclusive. Generally, the self-paced 
groups had 'more suppMes and equipment available and needed mpre / 
assistance from teachers. Also, most individualized studies were 
undertaken in atypical schools with small classes, many in laboratory 
sfchools, and /Conducted' for short periods of time. . ^ ^ 

. The reviewer wonders why only '21 'studies .were considered. for the. 
•period ,1967-74 when^9 are ^considered in this review ^r 1975 alone. 
'lAlso,' contradictory "to a statement by the investigators, many of the 
studie's pyblisljed* in 1975' compared individualize/J with ^roup paped 
inatructidn. ' • * . 

Elementary Level. Two studies were fouild that dealt with .the^ 
audio- tutorial urethod for teaching eletnentary science.' *Tamir .and 6 
Amir (2?34) wanted to learn- (1) if A-T sciejice programs developed, in 
the United States could be. adapted for Israel, (2) what .effect matura- 
tion Jias on pupil^s learning by the A-T* method, (3) hdw the socib-, 
• economic status of pupils niay be related -to t*lieir achievement in 
science* using"" the A-T method, (4) what effect classroom composition 
and regime may have on learning, by 'the A-T method,^ (5) if .d|?if fetences * 
in ac^iievemerit exist between •boys and girls in A-^T classrooms and 
(6) how different modeS of performance may be used fo measure pupil 
achievement. - ^ ; . » -^^ ' 

In' order to gather data, auidio-tutoriisfl science programs 
developed at Cornel^ University were trans'Jated into Hebrew and' ^ 
adapted for firsts (N== 304) and second (N=294) grade pupils In five 



schools located in different parts of Israel.. Four'^iiindred seve/nty- ' 
three |)upils i,n 14 classrooms were designated as the experimental 
group and 125 in five classrooms were designated at the control. 

• The experimental group used the A-T materials and the controj. .group 
regular materials , The control group had two to three hou^ per.--- y ^ 

^ week of'smidy whereas the experimental group spent about 30 minutes^ 
in individual study at the. carrels. At the end of two weeks When, 
the whole class, cycled, the teacher had a one--hour discussio^. In 
total, tTie experimental group in the firs.t grade had 15 A~T lessons, 
the sane as the Second grade group had when it was in the first, and 
then had an additional 12 lessons the second year. An observation 
checklist was used 'to follow the students during the A--T pyogram; < 

* the students also were administered multiple-"choice cognitive pre- 
and posttests and practical tests^ 

. -V 
The results indicated, that second grade students generally do 
better than first graders on the^ pretests, which was to be ^ected.^ 

^ It was also found that (1) the A-T materials developed in the United 
^States could be adapted for Israel; (2) the A-T lessons were .useful 
in formal classrooms,* but best in flexible classrooms with small 
numbers of students; (3) both experimental and eontroi groups demon- 
strated significant achievement from*pre- to posttests; (4) regular 
pupils generally achieved better than did the culturally deprived; 

. and (5) boys did^ better than, girls on- manipulative'' activities. 

Hibbard .and Novak (139) attempted to show how pupil achievement 
of science concepts follows patterns consistent with ^he learning ; 
theor/* of , Ausubel. The^attempt involved audio<^tutorial instruction. 
The subject s-ri j^re IIB first* grade children in two"* elemeq^ary schools 
In Ithaca^ Jl^Votk. • Eighty-four received A-T, instruction, whereas/ 
•24 received only an introductory set of A-T liessons. The "uninstructed" 
children received a four-lesson sequence designed ^to familiarize them 
with A-T, but ^ci'^nce concepts" th^t vefre dealt with in this study were 
. not covered. 'Instructed" children -got the ^our- lesson sequencfe to ' 
familiarize them with A-T and then ^a 10-leskon sequence dealing with 
the particulate' pature of matter and the effect of energy exchanges 
on particles of master. There was one new lesson a wee^, eadi requir- 
ing about 18 minutes to complete. * . \ 

The evaluation included crayon and paper tests irivoiving^-produc- 
tion and recognition questions followed by indi-^dual interviews uszng , 

^iaget's clinical techn^ue/ An ^xamp^ of ^ production question i/as / 
a picture of a pe^rson near a bottle offsmelly liquid wtttT^he subjeitt 

^ being asked to draw the "smell." 'An example of a recogni-tlon question, 
was one showing a person and a set^of** drawi'n^s depicting smelly condi- 
tions with the student being expect<ed to select the be^t representation 

> of . a "smell." 'Over a |Seriod of two weeks, 100 picture-test questions 

* in four booklets were administered. . •* * 

The results indicat^^that V) 66 percent of the instructed, 
children buW gnly 6 percSt; of, the uninstruct^ children drew- a "dot", 
model to represent "smell, V (2) 55 percent of the instructed' children 
but bnly 2 pgfcent/of the -uninstructed drew a version of "dotV model 



that showed ^ffu^on, (3) 55>«pe*rce^ of the instxucted^^but only 12 ' 
percent of tlfe uninstructecy drew^^mell" modefe'that showed smell 
^manatinf fi^inf^ source xather than hovering about, and (4) 2*3 per- 
cent of^the instructed bijt|none of the uninstrructed 'showed ^dot" 
models for "smell" originating at jsource and diffusing, about the 
room. ^ * , ' ^ 

^ ^ ' RoWell (293) attempted to determine the' extent to which children 
• are able to formulate meptal models to explain their pbserva^tions of 
TOtur^l phenomena. . Three questionsAwere matters of concern: (1) How 
typical of the larger population W^lepentary'school children a,re * , 
the concepts used by children in this st^dy group? (2) What is the • 
^ nature of the/infjor scientific eonce^ts and models used by instructed 
.children to 4^s^ibe sevlral natjural phenomena? - and (3) Does a clinical 



interview followed Ijy a novel evaluation fcrt?m ^pyoyide an adequate 
description 6f these models? / < ^ 

The study was ^ajsed on the symm^ry findings of a series of Studies 
that dtndicated. that tnany (Children who. received instruction, ora^inlfeed 
arouof^ a few major concepts of science, do use' scientific models 
In Sfeptemter, 1971, all first grade children in the Ithaca CityVS^hool 
Disttict,^ New York ifrere using the-^ Audio Tutorial Elementary Science 
l*rogram (ATESP). The organized, ihstruction they received ixi AI^ESP 
covered major concepts dealingttwith Energy*, *Conservation, Continuity 
of Life, Heat, Kinetics, States of Matter,' ParticiAate NatuMof 
Matter, Gravity, the Universe, Population Dynapii^'s, arid Ecosystems. 
Over ^0 lesstmis were involved. In^^l973-74 tliere -were 96 students from ^- 
th^ original group who had comt>l0ted the, lessons, ^^^^^k^ / ^ I ^* 




The "leftbj^er" children agreed to leave* the A-T cla&sroom for, 
four recorded interviews of abcjjit 25 'minutes each in. which six to . • 
ten questions were, covered.* On^the basis of the irkterviews the ' 
children were categorized as '"modelers," "transitions, "^or "non- ^ 
nodelerfe." The results were grounds^-§ar the^lief thkt-about half ^ 
the ATESP children ^learning science conc^ts for meat^ngtully vieWing- 
the world clearly evidenced .scientific moae],irig, about one-third gave •„ 
some evidence, and about one-»-f Ovirtm • of " the\uninstructed children formed 
acceptable and stable models despiti^-^ smoirgasbord ofiscience l^nstruc- 
• tlon. * ^ : \ r,. } - 



>d^ls de: 




( ^ \ 

Anderson and Butts^(7) sought ^to ^swer questions about the advan- ^ 

. ;ta^ge.s and disadvantages^ o»f teaching, with indiLviduali^ed and seif-'paced / / 

materials, whether childr^ "learn more 'Ifrom /the ^self-p|ce*d or , . / 1 . 

\ ' traditional, which type of instruction ch^^ren^ pirpfexj, wkfft charaCr** . ' * 

/ teristics Miff erentiate, students' ^hTr pre:^^ one c^er the other\ whetli^t i 

se:; differenoes are related to preferences,^ and whether ^igh^atfhievers . . " 
* differ from low.acMevers ii> tljeir p^^fe^ences^. | I ^ I ^ ^• 

/ ilXl oi^S(X to ^e^lu-anfew^rs^to the question^vijL^ series ^^jivci^ksheets - • ^' 

were developed ha^d on /the un'it in the Element^tfy Science Study ' (gSS) ; , | 

"Batteries anoHJulbs," ^rid used to^ teach three ^classes of sixth grade \ C * ' ' 
, '^""^udentsir^ two. otK er classes covered ^he same material *by lecture— 
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discussion. The worksheet. group consisted of 49 boys and 32 girls, 
tl^e ^traditional group oj& 33 boys and 20 g:irls. They were pre- and 
postt^sted with items related to the subjdct matter-'of the uilit, 
the pretest failing to show a difference between the groups. Their 
attitudes were measured with the Semantic Dif f erehfcial Attitude 
Invegtory . ♦ ^ 

An analysis of the mean gains failed to show significant differ- 
ences between the .two groyps. isleither was. there evidence of /: 
dif ferences .between preferences of methods base*d on sex. The net 
preference of both groups was for lecture-discyssion although, taken 
alone, the worksheet group, ratfed worksheets higher than did' the dis- 
ctEs^ion group. . ; • 

In other words,, self-pacing did not ."'get the nod" *in' this study' 
and it's difficui^d to suggest that the previous study^ gave much . • ' 
staunch support: . 0 * • \ 

» Secpndary Level. ''Four stud ies^ were published in 1975 that dealt 

directly „ with the Intermediate .gpience. Curriculum Study (ISCS) that 
\ espouses, and allegedly* accomplishes , individualized iilsJuruction. 

0 McCurdy (215) assessed the relationships' between ten variables 
related to self direction of students in ISC§ and (1) success, in ,the 
^Course, (2) level of the student'* in the'^SCS program (Levels, I,' II 
and ill), (3) 3ch6Ql which student attended; and (4) sex of the student. 

* ' ' . ' • ^ • . . . • " . i ' 

. * in order to . gather data*^ a group of teachers' in an* ISCS inservice 
course were asked fto administer a Self -Directed >Rating Scale (SDRSO to 
their ISCS students during the Spring, 197j. The participants wele 
. 1\08 students, in^six schocfl.s in the Omaha area. Data were analyzed'* 
using t^ and f to tesjt 'for significant diMerences among var^iables 

. From the dati, three gtoups of students were ident'^ified in terms^ 
of their achievetoent grades: the top 13^ercent, the middle 7(3 per- 
cent, *and the bottom 15 percent. The rajtings of the students in the 
top 15 percent/ iadicatdd that they viewe^ themselves ks being more* 
capable in tetras*|)f self ^itection than/the bottom 15 percent, the 
differences being' significant fdr all. ten variables . Base^ on the 
test' results, there w'asl^l^a a ^greater degree of self direction among 
eighth" graders than among seventh and ninth graders. However, there 
, was consaqyential. variance, among the participating schaels.* Girls 
. I)erceived themselVes\as teirig more self-^.directed than .toys, except 
on seeking answers. in(5ei)4ixdently and willingness to Skip activities 
and assi^ments. Gir;L/ also-iTerceive4~theffi&«^ as making ^"greater" 
use of time, plarjninfg better- work schedules, u^ing stddy. skills, 
and controlling ^h^ p^ace of t^eir activities. , . *. 



\ It wtas, condluded that succes;5 in highly individualized. pirt>gta|is 
like ISCS requixes^ self- direction, wkth Level II requiring more'^^elf 
direction than^ Leyel I. The study was well' written and easy to if allow 
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Jensen (15?) compared the self-perceptions of individualized 
instruction among 'teachers having one of the follow'ing training 
' experiences: (1> an NSF Institute in. ISCS, (2) workshop for ISCS, 
(3) ISCS IIP modules, or (4) no ISCS training. He hypothesized 
that there were no signif icfant differences in the^overall philo- 
sophy of individualized instruction among the four populations. 

An ins^^ment was designed by the investrigator £o determine thfe*' 
self perception of ISCS individualized' instru.ction. If consisted . 
of a questionnaire of 24 itfems, two statements for each of twelve , 
issues that were rated on a scale^bf 1 to 5. The reliability of the 
instrument was checked by statistical procedures and was found to be 
.7128, the validity was ^'established^' by consuitation") with authori- 
ties in ISCS. The instrument was field tested *by established ISCS 
Instructors. The instrument was then serit to ISCS instructors fhrough- 
out the United States and apparently 16^ wer& retume\i. 

, A statistical analysis of the resjionses indicated that of t^he 

13 ,hypotl^eses developed from the ISCS individualized philosophy, only 

one was rejected: the self pacing _va^iable. Although thfe-investl-^- - 

gator indicates that he. does not conclude from this that a^teacher 

can cpndyct an ISCS class as /well without Instruction as* with 

instruction, it is evident jthat ISCS training does not* seem to - ^ . 

influence^ philosophy' ttward individualized instruction as exempii- 

vfled by ISCS.\^ . • v ' / > * ' 

> / . . . , » • 

Gabel (108>. Invest igated-j two strategies th^t might have an effe^ct ^ 
on achievement in an individualize^ science program; nameiy, ISCS., 
One strategy involved the ^ternative of setting a definite deadline 
for. the completion of a unia of work versus allowing studei^jts as much 
time as they needed while li«is ting, that they reach a given -levei^ of 
toastery before^ grodee'iii.ng to the next unit. The other, strategy 
Involved theVBlternative of having- students .wor^ alone versus being 
paired withoc^]^^"t s);udynti.' 

The subj^cts;-we,;^e W22 seyentji grade^ students in 43 classrooms ^ . 
In t^"^ Indiana schtfp3j*^^j4 beihg'-rural schools with a total^ of 4 parti- 
cipating teacliers, '-.a^^^e bei^g urban' schools with a tatal of 8 
participating teachi^^; all ''apparently using ISCS in grades 7 and 8.. / 
The -twelvp t6a(?hers \i/ere assignj^d to groups of three, and the treat- 
njents were randomly .assigned, to* the groupgfc. The first treatment 
Involved the students; working ,^lone or in pairs,' and the second,' the 
group-paced or self-paced ^completion of , tfie. units to^the jmastery 
criterion. All student^* were administered the same tests; namely, 
A Scale to Measure Attitude Toward Any School Subjeyct (Purdue) , the 
Otis-Lennon Tost oi .Ment;al Abilitj^:-^-Form J , and chapter tes^ts from* 
the progr^yn. }ln addition, a retention jjtest Wds administered after, 
the compl^tioxJ ofe Chapter 4. . " 

. ' . " \- \ : ' . • 

- . . . 1, 

An analysis of ;the -results indicated that self-pacing produced 
hlgheir learning rates* And retention scores than did the deadline - 
•format,' particularly for , low* ability students, but the self-paced 

' ' ^ ' tb, , ^ 

' . ' ' . ■ - , • • . - , / ' 



studenCi^^^^re learning the contents of fewer chapters to a greater 
'extent and therefore 'learning more difficult chapters. Also, there 
was' little difference in -students* attitudes toward ISCS whether 
they h^ve self pacing or deadlines, so it was concluded that self 
pacing was more desirable. ^It w5fe also discovered that low-^ ability 
students working^ with p^tners had b^pter retentioh than wjien work- 
ing alone. Retention was considered to be a more important educa- 
tional objective *than was learning rate. 

• In summary, it appears to be advantagepus to allow students to 
pace* thfems elves 'while working ^to a criterion level and to work with 
a partner. _ _ • _ ' . _ 

* Lashier and Nieft (183.) tried to determine whether school use 
of ISCS (Level I) corresponded with specific aspects of the stated, 
^rationale ^nd. philosophy of. the ISCS ^rogramj^ It is- claimed th^t - 
ISCS materials -are supposed to allow the teacher time 'to J^pterapt' 
personally with each student in guiding him/her through thc^s.elf- 
paced material. Conseq-uently , the primary object ive-of this "study 
was to seek' relationships* and differences between^the responses of / 
students in ISCS ciasses-andTUh^crde^in non-ISCS classes "as meas6f#a 
l>y the qiassro^ Activity Checklist (CAC) , aoa^tFie, Student Inventory 
(WDM) , and differeno*es between the low and high achievers in ISC$^ - 
using the Scientific Attit^ude Inventory . * 

An experirmentaT grdiips^was formed frdm 18 of 35 ISCS tethers who 
attended an NSF supported Cooperative College-School S(?ience^rogram , 
inKansas in 1971.^ Six non-ISCS teachers from three suburbaij school 
,iil§lricts ib Kansas served as a control. Test data ^ were gathered, 
from* about 900 seventh graders in the experimental .group, , and f£5dm ^ 
about 200 students id the control over a period of two yfears. In the 
Spring 1971^^.two instruinents were administe'red to students, of the i8 ' 
teachers who were slated to enroll as participants in .the subsequent 
CCSSP and also to those of the control group. . At regular intervals 
during the course^ of the study, ten'^cognitive achievement tests were 
administered to the ISCS^udents. : * 

^ Analyses of the t^st data did not reveal ^^si^i^ficant relationships 
Tbetween (1) achieveinenc in student . perception of classroom activity in ^ 
classrooms that implemented ISCS' materials and in those that did not^ " 
(2) students* cognitive achievement progress in-ISCS and their percep- 
tions of classro(fln activity; (lJ*^studen]^v^^rception of teacher's 
personalit^y traits and student's exper;Ldhces in classrtooms with ISCS 
materials and in those using lyjn-ISCS materials; (4) student cognitive 
achievement progress in ISCS and their perceptions of teacher variables 
of warmth, demand, and use of intrir^ic motivation; and (5)* student 
cognitive achievement' progress iij iSCS and student attitude. 

The findings of the four studies ^related to ISCS* together 
generally fail to support the use of ISCS over non-ISCS programs. 

Two studies were identified that dealt with ithe ISIS program. 

■■ ■ ^ 94 ■ 
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Neufeld^238) set .out to*" compare the validity oi^ students' 
activity decisions, the attainment of instructional^ objectives, 
and the time spent on learning activities between students provided 
with- knowledge at "irffetructional branch points^'* in the form of / 
model answers to self-test questions?, as they worked through 
instructional materials utijtig learner-controlled branching, and 
students worlcing through the same materials without those answers* 

In oifder to niake the comparisons, ten minicourses developed by 
the Individualized Science Instructional System (ISIS) project' were 
used including (1) heart attack; (2) buying and selling; (3) sounds qf 
music; anc^ (4) household energy, as well as others. Each minicourse 
occupied about 15 hours of student time over a period of three weeks. 
Students worked at' tbeir own pace^ selecting core-level activities 
on the basis of • diagnostic self tests. They were expecteci fco Remon- 
strate mastery of all the core-leyel; object i'\^e,s wHiether or not they ^ 
did the related activities. f 

Thirty7six matched pairs of classes^ consisting of about 1300 
students from 19 schools across the United States^ were suSjects. 
The class e^^jijere assigned '^aiidamly to treatments with one class of 
each pair^^nder each treatment and each teacher; having one class 
under each treatment • Each" student was administered the pre- and 
posttests fc/r each minicourse. and recorded the^Jamount;^ of t^me spent 
on each activity. An incorrect r*esponse to an item both tests 
and omitting the related activity was considered a "liberal choice" 
whereas a correct response to an item on both tests and doing the 
related activity was considered a "conservative choice." Gain^ ^ 
scores were used to assess the attainment of objectives. Students 
were classified for the purposes of analysis from IQ scores as "above 
avenge," "average," or "below average." / //j^^ / ^ ' 

Thfe finding^ did not indicate diffeiSeS^^ between, treatments iil 
the choices made, gain s6ores, or time spent on core: level activi- 
ties ^hen all students w^e considered. Neither were consistent 
differences found between treatments iu the proportion of^ conserva- 
tive*^ Choices among students at the three ability levels^ ,HOwever, 
average and above aVer^jge students with access to answers made fewer 
liberal choices than those without access, whereas beldXT" average 
ability students with access made njore liberal choices than those 

*witTiout. Without regard for tteatment, aVerage and above average 
ability students made 'mbre* conservative choices whereas, below average 

^ability, students made more liberal qhoices* ^ , • 



Ramsey (277) conducted a study to assess the relationship) bj^tween • 
the number of Indiv'iduaii?:cd Science Instructional System (ISIS) mini- ' ^ • • - 
courses completed containing the same Tumulativ^ objectives, achieve^ \ ^^^SL 
ment gain on the posttest^of an examination measuring the ISIs'mini-' ^^^^ 
course cumulative objectives, and reading comprehension as determined ' , 
by a- standardized achievement examination. ' ^* ' ^ • S'' 
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Thevdata were gathered beginning in' the Fall 1974 in four 'high * 
schools in San Diego County t.hat were participating in the ISIS 
program. The subjects consisted of 396 students in"22 classes liaught 
by 8 science teachers. The subjects were administered an evaluaVioix 
' instrument -developed by the researofeer ^nd designed to test stuSents • 
on the five cumulative^ bbj ectives.'^'i^lected .for investigation in this 
study, at the beginning ^nd end of the fall semester 1974. - Oth^r 
information of importance to^ the study was qbtained from school • 
record;s, the statistical posttest 'and gain 'scores for the five 
Simulative .qbjective^. The \ 05 level was the criterion of signifi- 

. cance. « \ ^ • • . « « 

.1 * ' 

''The resftilts of the analysis indicated that there was a relation- 
ship between stiiderft iacliievement on the pretest and posttest *for one 
cumulative ob.tectriye\ but significant relationships were not found 
between^CQJ..s^4ent'adhievement On the pretest and posttest measuring 
fou;: of the cumulative, objectives and the nufiiber of correspondijtg - 
mJAicourses completed; (2) reading compr'tehension and .achievement of 
the minicpurse cumulativef objectives ;^and (3) reading comprehension, 
the jiumber of minicourses completed,,^ or the achievement ga}.n on the 
. pdS*'f test for any of the five cumul^ive objective^. ' . 

' / It was concluded that there are^o evidences of 'relaticjnships^, 
betVeen (1) achievement of a particular concept dn ISIS and the number 
'of tfmes the concept ^il presented in different: contexts; (2)»i;eading 
ability and achievement- in "Wie ISIS nd odours e cumulative objectives; 
or (3) reading/ ability ' aijd the number of minicourses a^^studeht can 
complete satisfactorily in a given' period of time; ' - 

Neither of the ISIS' studies can.be con&trued^as pr6duc±i|g^ resjiflts. 
tKat. have definitive implications '^or- educational prattices.^ 



dealt specifically with hdgh school Molorgy.* One^by 
tested the assumpt'ion made by t^ie produflfers'of an A~T 
indiyidp^l achieves as'-'well as' the gt'oup;" 'The' group ; 
^^v. « ^ophomor^ 'class in unified sc^^ce in an*^ all-male- 
suburban, Catholic colieje-prepa^atory hi-gh sclk>ol during the'Fa£>^ 
1974. The topic p^^senf fed-was am ^dio-jtu<:orXal type of .uait^ in " ' 
Mendelian inheritance^ Class . sections were ^randomly assigned to one ' 
of three treatments: * individual, student directed ,y*<y^teacher 
directed. The individual treatment involved \tTie\ti|«||r 
the progpm by himselfi according to d:irectiops The^^pfcient-dire.cted 
group was a ''situation in which th§ teacher was allowed only to operate 
equipment. The teachfer-directed- treatment involved "the formal class- 
room situation." •'^rformance was measurecf by a 40ritefii objective ' \ 
test constructed asing the sJated objectives of the program. Each . 
Item w^s classified according to Blooms' categories' of -knowledge '(l3 
,lteiRs), Comprehension (10^ items), and* application (17 itqms). 

^) ■ ■ 

The analysis of the results indicated that\>the teach^-Siijected 
treatment w^ significantly superior, to the studint-dixected tre^- 
©ent (p .t)l), for treatment and total score;-' learning ability. 
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treatment, and total score; and GPA, treatment and total score. The 
teacher-dire^cted treatment was significantly superior to the indi- 
vidual and the student-diretted treatinents for the category of 
application for treatment and subtest score; learning ability, treat- 
ment,- and subtest score; and GPA, treatment, aad subtest ^ore. ' 

It was concluded that in using packaged programmed materials, 
the type of student involved in this study achieVes as well indi- 
^vidually as in the classroom in terms of total and comprehension, 
biit in terms of application, achieves better in a normal classroom. 

^ Nordland, TCahle, Randak and Watts (243) •compared student achieve-, 
ment after instruction by an individualized, audio-tutorial system / 
with that by a group classroom situation. Of particular interest / 
was an analysis of the two modes of instruction on students with / 
probable learning deficiencies.' The' latter were those identified > / 
as performing below the 40th percentile on selected standardized / 
measures. Relationships were also studied between scores and / 
standardized tests and the treatments ♦ / 

The subjects were 118 students in grades 9-12 in a rural consoM- 
dated school who were enrolled in introductory high school biology / 
under two teachers. They were divided randonjly into two treatment / 
groups, one (AT) receiving all instruction by the audio-tutorial / 
format, and the other (NAT), in a group classroom situation. The / 
instruction involved three weeks with four instructional units / 
'dealing with the topics of mitosis, meiosis, probability, and gene[hics. 
Both groups had equal access to the instructional materials that were, 
developed jointly by the cooperating teachers and the senior invefeti- • 
gators. Achievement was measured by a series of unit tests, valiJaated 
by experts in biology .education, and administered after each inst/ruc- 
tional-unit. Differences between the AT and NAT groups, we're measured 
using ^- tests. - ' j 

The analysis did not indicate significant differences betwien the 
twa groups on the .unit tests or the average scores. It was also noted' 
that standardized tests such as SCAT, Otis IQ, STEP ^reading, am OTI 
are less predictive of achievement when AT is used. Significant 
differences were not found between the two treatme.nts with stuflents' 
above the 40th percentile, but those below the 40 th percentile did,^ " 
better with AT than NAT. / 

Hunt and Larakin (152) evaluated the effect on cognitive /learning 
of an auto-tutorial system which they defined as an independent mode 
'of learning through the aid of a cassette" tape recorder and Msual i 
devices. Specifically, they compared the performance of sttJaents s 
receiving immediate reinforcement and feedback with that of /students 
not ' receiving immediate reinforcement and feedback. The objectives 
of the instruction were to enable students to identify (1) thpes of 
inflorescence3-<ised in plant ta;<onoray, (2) selected vegetatrve struc- 
tures, and O) unknown plant specimens using ke'ys. 



As a first step they prepa?t^d a 50-item multiple^choice test 
to be used pre and post plus materials fol: the instruction and 
tested them in 1969-70 in Stephen F";' Austin High School, 4Fort* 
Arthur, Texas. The revised tests and mats^r^als (scripts) were 
used with students in the Waco Independent School District, Texas 
from April 2-19,, 1973. Thj^reviserf pre- and posttests were reduced 
from 50' to 25 multipie-choiC|^^ itjechs,. The scripts on the cas^settes 
for the experimental igroupiha(J'coramettt^3uch as, "You are do\ng a 
gre^t job!"^- whereas there" i^as no fee^ba^ or reinforcement in the 
'scripts used*with the students'yin thereon 



Fourteen teachers of biology in grades 9 and 10 were asked to 
participate; from those who agreed two tenth grade biology teachers 
at Richfield High School in Waco were selepted at random. Twenty- \ 
four students were selected as subjects for each experimental and 
control group from two class rolls of 150* Seventeen boys in the 
control and 16 girls in the experimental were black with }^exican 
American and whites filling out the groups • Their IQs were 
measured Ifi November,' 1972 with the Califotnia Test of Mental Maturity . 

Analysis of the data collected indicated that IQ was related 
significantly and positively to the cognitive gains in both groups • 
Also, the system with /immediate reinforcement and feedback produced 
significantly greater -gains than did the system without. 

Littlefield and Gatta (201) indicated that the^rimary purpose 
of their study was to investigate the various characteristics of 
successful and less successful students and to determine what effect 
the^e characteristics have on achievement in an individualized learn- 
ifig program. More specifically, the characteristics were those 
designated as "high," "expected" and "low" achievers in an indivi- 
dualized biology program at Glenbrook North High School, Northbrook, 
Illinois: ^ ' 



The subjects were 406 pupils enrolled in a "34 contract learning^, 
unit". during 1973-74. The Nelson Biology Test and aptitude measures 
from 'the Classification and Placement Examination (GAPE) were used to 
'predict achievement. During the program- the work rate was left to 
t^*^~sS2L^p^.^^^_^^^^e^ psychological inventories were used to measure 
such charac t eristT52^-as*^ attitudes, (2) motivation, (3) understand- 
ings about science, (4) personality, (5) scholastic ability , and (6) 
ability to think critically. Among the instruments used were the^ 
Nelson /Biology Test: Forms ,E and F ; the Watson-Glaser Critl^cal Think- * 
ing A/praisal: Fo rm ZM (WGCTA) ; Test on Understanding^ Science ; 
SchQ6l Motivation Analysis Test; Fbrm A, Research Edition ,(SMT) ; 
aptitude measures from the Classification- and Placement Examina- 
1 (CAPE). , ^ [ ^ 

An analysis of the results di^ not indicate significant differ- 
ences among the predicted "high," "expected^' and "low-" achievers on 
the individualized, learning biology on theHEollowing variables: (1) 
personality; (2) motivation; (3) attitude toward science; (4) under- 
standings about sciencef; (5) critical thin^ng ability; and (6) scholastic 
aptitude, although in nearly all cases the scores of the predicted "high 



were abojve tjiose of the, predicted ''low.". The "high" and "expected" 
achievers scored significantly higher on the WGCTA thail did the "loV^^ 
achievers and the /suc<ressful sturfent^ were those who had^^high 
interest and positive attitude -toward school. » ' ' 

Seymour and P^dberg (304) tested "the use of a simulated 
problein-solving game in a field test of ^ the Inquiry Role Approach 
protract, that provided an opp6rtunity to study/ two proposed values of 
group work; one, whether group work is more effective than individual 
work for successful /completion of problem-solving tasks, and two, 
whether group work .following individual work, is mS^e effective than 
group work alone*" To introduce group work to students, the Inquiry 
Role Approach was field tested witb four-member studer^^g roups using 
the simulated problem-solving game "Lust on the Moon, "^'ffi^game 
invorlves the ranking of the value of 15 item? available ta.-a%rew 
of astronauts stranded on the Moon '200 miles ^rom a reni^vous point, 
The students were expected 'tb rank the items individu^ly accoifding 
to their usefulness and thep form smald groups andyrank the items as 
, a^gi:oup. Data were collected .for mean individual/scores within a 
group, group scores, alid differenceV between mean 'individual and 
group score. ^ \ 



In the study 32 tenth grade biology classes taught by 15- teachers 
were used to obtain data. The students had "mean percentile ranks" 
[sic] of 60 and 40 on the Verbal Reasoning and Numerical Ability 
sections of the Differential Aptitude Tests , The "Lost on- the MoonI' 
exercise was used as the fourth class activity and preceded by pre-' 
testing using achievement tejsts not related to the exercise, an 
inquiry fil6iloap, and a multi-media presentation of the goals on the 
Inquiry Role Approach. {>rogram. The classes, that averaged 28 in iize^ 
were divided r^riaomly into two .teams; Team 1 completing "Lost on the 
Moon" indivi<^ually, and Team 2 'completing the exercise in groups and 
then Individually. » ' * - i ^ 

^ An analy'feis of the results based on correct responses indicated^ 
that group work-had an'apparent advantage over individual work,* 
although students working in groups with previous individual work 
seemed to do better, although /not significantly, than group work 
without the previous individual. 

An analysis of the five /studies dealing with biology are inaem-^ 
elusive. In some individualized instrudtion se.ems, to have me^it^ 
be^ypnd that' of group paced, in other cases, the opposite is tr<ie. 
Arid, with some variables, differences are not observed.' App^gf^ently , 
indivlciual-pacing or group-{|acing is affected by factors e/trinsic 
o the method 'itself. 

Two^studies dealt with/ physical and earth scieitc^ f6r ninth 
graders . ^ One' coricernedf with physical science was undertaken by. 
Reed (280) ^nd jexamineti stiident ^achievement , attitude toward science, 
aijd self-concept of qiAth grade physical science students in an 'indi- 
vidualized science progWc/and of nknth grade phy3ical science 
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Students in a traditional science class,, and ^interrelationships among 
these factors. The subjects were inner-city junior high scapol stu- 
dents in the ninth grade, 150 of whom were in an individualir^ 
program and 150 in a traditional program, 

The experimental design was patterned after the Post test Only 

Control Group Design. Data were gathered by administering the Staf- 
ford Achieveir.ent Test: Science ; ,Remmers * At tit;udi^ Toward Any School 

Subject Scale ; and the Piers-Harris Children's Self Concept Scale\ 

^-tests were used with various types of data to assess equivalence 

of the two groups,, and tUe results did not indicate that the groups. . 

were equivalent. ' * < ^ . 

An analysis of the results of the data that were co\]Lected did 
not indicate significant differences between the subjects in the indi- ^ 
vidualized program and in the traditional program^ with respect to ' .V 
(l)3C!ores on achievem,en{| tests in science, (2) attitude toward science, ) 
or (3) self concept. It was indicated, however, that there were signi- 
ficant relationships between intelligence, background ir^ 'science and 
composite achievement level and achievement in science. Further 
significant relationships were found between grade point average in 
science and (1) achievement in science; (2)"attitude toward science; 
and (3) self concept. 

Boudreaux (48) investigated the relative effectiveness of three * - 
"approaches to teaching ninth grade earth science. These were referred 
to as^Treatments A, B and C and were identified respectively as the 
teacher- textbook approach, the multi-media approach, and the multi- 
media ^activity packet approach. 



$^The subjects consisted of 85 ninth grade studentjs enrolled for 
the first time in regular sections of earth science during the 'first 
18 week§ of the 1972-73 fechool term at Ruston High School. The treat-V,^ 
ment approaches were ionducted by the same teacher in the same" ^\ 
"classroom during consecutive class periods. Science achievement ^^'^ 
change scares ajid attitude change scores were the outcome variables.^ 
Thesfe scores were analyzed using ther Wilcoxson rank test with fhe .05 
level as /the criterion for significance. , "^"""^^ 

/ ' ' ' 9 ■ \ 

The results of the analysis showed thdt the multi-meciia and - / 
multi-media activity package approaches produced significantly • , ' 

greater/ gains althciugh students in the te^her-textbdok program 
had /a Higher posttegt mean.- None of^ the' attitude change sco'reS ♦''^ 
(gains) were found to be statistically significant for any* treatment. 

Ijieither this, rior the previous study , pro\;ides substantial, support 
for the individualized approach over the teache'r-textfcook -or what 'i^ i ' 
comrac/nly called the ^^traditional" app^roach. That^approach may nbt ^ 
have 'all the drawbacks that have been claimed for it. ' ^ * ' , 

; A study by Denton and Gles (81) was \he only one found to. deal ^ 
with individualized instruction ini;secondary schoq). physics. Its 
purpose was to ascertain if an instructional program in secondary * ' 
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school physics that mandated the achievement of all studeht select^ 
objectives before proceeding to tbfe next ^instructional unit affected 
the number' of objectives that were achieved. It was hypothesized 
that (1) the achievement of student selected obje^ptives in secondary * 
school physics is enhanced by t\\e requirement of mastery before * 
proceeding, (2) the cognitive levels selected by students. /for their 
objectives will be influenced by the requirement, and (3; the profi- 
ciency levels selected by students for their objectives will hot b^e 
influenced by spch a re^quirement . ' 

/ * \ 

The study was conducted in a large senior high school fn which 
one instructor taught thiiee classes in physics. /Two classes of 24 
each, one mastery and ons rionmastery, were selected by a table of 
random numbers; students /were oriented for twelve weeks (60 class 
periods) to^ the instructional techniques that would be ufeed ap^ how 
the techniques were different *from previous instructional techniques. 
A five-week experimental period followed the orientation during which 
PSSC units were used. The students selected the units and activities' 
they, desired which also involved selecting behavioral objectives from 
planning sheets .and using a computer printed assignment and ac-tivity 
guide.. The mastery group was required to master the objectives of 
a unit before proceeding whereas the nonmastery group was not. 
Criterion referenced tests were administered to each student to deter- 
mine if the selected objectives had been achieved^ If the objectives 
had not been achieved by a student in the nonmastery group, he was not 
permitted to undergp remediation or Reassessment, but had to move 
ahea^d . 

An analysis of the results indicated that .students in both groups' 
selected objectives with the same proficiency levels; -but different 
cognitive levels., ^ 

, ^ College Level, Interest in the attto-tutoriil. (or audiQ-tutoria;L) 
TDOde is obvious at the college level with five studies rel^xe^to 4:he 
biological sciences, four to the physical sciences^, and one in allied' 
health being found. 

Two of the studies in the biological scie^es concerned biol6gy 
In the junior college.' In th,e first. King (171) had the objective 
of determining the effects of two different methods o'f laboratory 
teaching', one an audio-tutorial biology .laboratory afnd the other, a 
traditional biology ■ laboratory , on the attitudes of junior college 
students ' toward biology. The subjects consisted of 140 tStudents \ ^. 
enrolled in general biology for non-science majors at Copiaji-Lincoln) * 
Junior College during the first semester 1972-73.* Seventy-two were 
In the experimental (audio-tutoriaj.) group and 68 in the control! 
■(traditional) group. ' It was hypothesized that neither the trea!tment * \^ 
Bvodg, the factor-of sex, .nor academic abiJ^dUy would result ^.n^igni- 
ficant di^^f ferences in attitudes. 

Data were collected 'with A Scale to Measure' Attitude ToWard Any • » 
School Subject, Form A of the Purdue Master Attitud4 Scales , and (for * * 
academic abilities) The, American College Test and analyzed at the'^nd* 
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of the semester. The analysis indicated there was a significant 
improvement in attitude toward biology for the experimental group, 
but sex and academic ability wer^ pot ^ound to be significantly 
related to attitudinal change. It was concluded- thatJ the audio- 
tutorial approach^was a satis'f actory way to^ teach biology " ^ \ J 
laboratory at this level. * * 

The second study by Ganz (110) was conducted in October, 19 72 
at Rhode Island Junior College to determine what effect- television 
was having on student attitude toward its use. The study was 'based 
on an audio-tutorial instructional program for a general biology^ 
laboratory that had been directly adapted to^ television in a video- 
tutorial format V In order to carry out the study, three groups were 
established." For th^ ^wo experimental, one used video *equipme*nt 
that could be self-paced by the student, while for the other,, the 
equipment and pace wepe controlled by the instructor. The third 
group% a control, used the established audio-tutorial program. 

The results of an attitude survey conducted after six weeks* 
indicated that the control group had^a significan,tly lower attitude 
.toward -the tel*evision format (what they had not experienced) than 
did either experimental ^roup. Age was not found to contribute to 
significanrt differences in attitude although sex did. • 

Another s^udy, conducted in 1^73^ and similar to the earlier one, 
retained the* f ormat^rith an experitae'ntal self-paced* television group, 
'and a control audio-tutorial group. However, the other experimental 
group was changed to ^ self-paced video-tutorial format with behavioral 
objectives and guidelines wi^tten by the faculty. Pre- anS posttests 
were administered fco the three groups t'o measure attitudes toward the 
laboratory, and a laboratory tdst was used to. measure achievement in 
the laboratory. In addition, the 'students Vere surveyed abgut previous 
biology course experiences « . ' • 



An analysis of the data for this, study indicated declines in 
attitude toward the laboratory, part^icularly with the behaviorally 
oriented 'group. Neither sex, age, nor prior experiences in biology 
were found to be responsible 'for' the declines in attitudes. Sex was 
found to be significantly}^ related to gains in laboratory achievement. 
It <wa^Concluded that th^ dlata did not justify the use- of television 
as a su&^tltute -for an aiidio-ttitorial presentation. * ^ 

^ Wh^atJUey (359) attempt'fed to show t|hat the higher levels of the - 
cognitive domain (Analysis, Synthesis and Evaluation of Bloom's 
Taxonomy) can be successfully taught and evaluated iu the science 
laboratory. ^The sObjedts ^ere all students registered for Biology 100 
at' The Ohio State University Qurlng the autumn and winter quarters, 
1970-71. The course is ah iritroductory biology course taught by an 
audie-tutor-ial format over period of t'en^ weeks and covers the topics 
typically fpund in s.uch ititroductory courses. In addition to the audio- 



tutorial experiences, t.he 
bt Xess than 35 two or th 



Students met in recitation sections in groups 
ree times* at the Bio-rLearni'ng Center. 



During each quarter five recitation sections each were randomly 
designated as experimental or control. The experimental groups per- 
formed special activities desigaed trU^'teacIi for higher cognitive 
, levels of thinking, including seven laboratory activities 20-30 
minutes in length prepared by the investigator. The control groqp 
had the regular Biology 100 plus special pretests and' three 
^ecially designed posttests. The three cognitive posttests admin- 
istered to both the experimental and control groups contained tt-e^ns 
^tj all six levels «of Bloom's ;raxonomy: Knowledge, Comprehension, ^\ 
Application, Analysis, Synthesis and Eva^uatibn. _ ^ 

, ^ 

None of the'F tests used to examipe background variables^such 
as effects pof pretest on posttest performance, college class of 
student, influence of participating teacher or sex were found to 
be significant at the^5 percent level. Neither were significant 
differences found between treatment groups on pjretest performance. 

However, on one posttest, significant differences were found for 
the experimental group, on the Application, Analysis", Synthesis and 
Evaluation subtests.' On the same posttest, students in the experi- 
mental group who performed less than half of the special activities, 
scored significantly lower than those who perf ormed^ more than half './ 
When compared on scores obtained on two regular midterm and final 
examinations, significant differences were not found between the 
experimental^ and control groups. But, those in the experimental" % 
group who performed more than half the special activities- scored signi- 
ficantly higher than those who performed less than half. 

Rowsey anB Mason (294) analyzed the outcomes of two* methods of 
instruction, conventional lecture-laboratory and audio-tutorial as 
they were related to immediate" achievement and to retention in a 
university course in animal biology. The contents of ^^^courses 
were alike for both methods— the course \syllabus and obiectives bein<> 
the same. I ^ 

. The subjects were 109 students in Biology 103 at Auburn who were 
taught by experienced instructors in the conventional manner, and 134 
students who received instruction audio-tutorially , except for group 
discussions once a week.- The subjects were assigned randomly to the 
treatment groups. 

Roth groups yere pre- and posttested' with the Achievement in ' 
Biology T(?st developed by the investigators 'in cooperation with the 
Department of Zoology-Entomqlogy ay^ Auburn University, .ati^ "face, 
validity" by "experts" was used to endferse the test. It consisted^ 
of 60 five-stemmed [sic] multiple-choide items, 48 of which were 
covered in the course. The Instructors involved in the studf had no 
knowledge of the test, tj^tests were used to d^ermine any differences. 

\^ 

The analysis of the pretest scores failed to indicate any *sigpl- 
f leant differences between the two groups, al^hi)ugh the posttest 
score w^s significantly in favor of the audl^;;;Xutorial group. 
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Twenty-nine, percent of the control and 3^^percenKof the experimental 
group trook the retention test eleven weeks afj^er th^ cours.e was com- 
pletled. The results were si-gnif icantly in favor of t.he audio- 
tutclrial (experimental) group, ' ; 

Coombs (72) reported a study in- which he described and evaluated 
an lidividualized program \Ln an introductory course in genetics for 
collsge students. The in/estigator worked with students in the 
development of the courseN Since support was not available from his 
institution, students donated the cassette recorders and tapes and 
made the duplicate tapes. They used . The Science' of Ger\etics as a 
stucy guide ^nd ^developed instructional objectives for the first 13 
chajters plus a course syllabus tljat outlined the individualized 
sysljem.. The program vas student-paced. The students^ere allowed to 
do 
abo\ 



dditional work beyond the 60 percent mastery level to get grades 
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The scores of the 1972-74 AT students were compared with those 
of conventional program students in 1970 and 1971. It was found 
thatj 25 percent more A's were learned in the individualized system, 
Vher more A's and B's, and fewer C's. It was concluded that 



tog 

the increments were attributable to immediate feedback^on test 
results, and the practice sessions associated with the'audio-tutorial 
program. 



\ 



)f the four studies in the physical science^ involving the audio- 
tutorial method, two dealt with surveJ^-type courses in the physical 
sciences, and two with the more conveational physics courses. In 
one ofkhe first two, Brantley (51) compared the. audio-tutorial method 
of instVuctibri with the traditional lecture-demonstration method for 
"producilig achievement in students in physical science sury^ey classes." 
The physical science^^^uf^^y covered one semester and included physics 
and astronomy. Other variables that were considered were the age and 
sex of the students. 



y 



The subjects were students enrolled in -the day sections of 
«Physicalf> Science 101 at Pensacola Junior College during .the spring ' 
term, 1974. The students were randomly assigned to two groups. One 
group of 114 students in two sections was taugh.t by ^ the audio- 
tutorial method, and the other of 76 in two sections was taught by 
the traditional lecture-demonstration method. Both groups spent 
equal time in the planetarium^ howeyer.. At the end of seven weeks 
of studying astronomy, all students were administered a Standardized 
Test in Collegiate Descriptive Astronomy on Selected Concepts mich 
Can Be Demonstrated in the Planetarium (apparently developed by the 
^in^vestigator) and at the ^d of the term the Dunnin^-Abeles .Physics "^t 
Test: Form E to measure the physics comportent. A three-way analysis 



of variance was used to examine the data. 



1^ 



The resu indicated tqat^l^the lecture-demonstration, with 
small class s-izes, was more effective in producing achievement than 
was the audio-tutorial methods, (.2) -Significant differences* in achieve- 
'©ent were not f^und between males' and .females , and (3) differences in 
achievement w^e found between older and younger students. 
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The purpose of the study by Pare and Butzow (257) was based on 
two assumptions, (1) students that are more Independent in their work 
habits will be^ able, to complete more of the course objectives in the 
span of one seme'ster than their J.ess independent 'p^rs, and (2) will 
have a more positive attitude toward the AT course (a>raode of instruc- 
tion with which the study was concerned). Ninety students (roost of 
them women majoring in elementary education) enrolled in Studies in 
the Physical Sciences I (SPS,) at the -University of Maine at Orono 
'during the fall semester, 1^^72-73, were subjects. The group, all* 
non-science ma^ts, ranged fSjom freshmen to seniors. 

All the subjects we^e taught SPS by a combination of total use 
of AT and a contract grading system involving 16 instructibnal units: 
five to be completed for A, four for B, and three for C. To" complete 
a xrnit satisfactorily, the subj ects« were expected to demonstrate 
competence' on each objective and to take (1) a course attitude inven- 
tory, (2) a test of independent work habits of ^ 40 items developed by 
the investigators using a five-poing Likert-type scale, and (3) a 
^laboratory practical examination an each instructional unit. 

Coefficients of cdrrelati^fn^^) were used to compare course 
■grades, pre- and posttest attitude' scores, *total 'time spent on the* 
course work, and independence/-scores. The analyses indicated small, 
non-significant _r's between independence scores and'(l) total time, 
and (2) pre- an^ posttest scores fr9m the attitiide instruments. Low, 
but- significant _r's were found between (l)>independencQ scgres and 
total units completed, (2) total time and posttest attitude, and (3) 
total time and posttest attitude toward method of instruction. 

/ 

» It was concluded that the more independent students we're generally 
higher achievers, but independence did not seem to be a factor in atti- 
tude toward the couB^e or AT. - 

Thorsland (340) dealt with the formative evaluation of one step 
in implementing a major change in a university physics course*. The 
change, a move to AT, was made because of the lack of articulation / 
between the laboratory and ofher course activities and the lack of < 
individualization. ' ♦ , * » 

During 1969-70, two threerweek units in a physics course were pillot 
tested in an AT format. The format was tested on an extended basis in 
the Fall, 1970, with 70 of 420 students enrolled in a non-calculus 
physics course for a period of ten weeks with the remaining 350 
students following the traditional approach. The traditional non-AT 
format inv olv ed two demonstrati'on l^ectures and two recitation-problem 
solving sessions per week with one. two-hour laboratory Apession on 
alternate weeks. .The AT group had weekly self-paced units- of material 
with audiotape sessions, study guides, and self demonstrations 'with the 
instruction being held in afn open learning center with carrels and** 
laboratory facilities. The lessons for both AT and non-,AT groups 
covered ten weeks and dealt with Newtonian mechanics^ and' the^iodynamics. 
Achieve'tnent was measured with norm- referenced tests at four^eek"* v 
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intervals, Th^ students wer^ also administered a questionnaire with 
15 statements concerning thei?: attitudes toward the course, mid 
another questionnaire eliciting information about their backgrounds ♦ 
The data from the questionnaires were analyzed by Chi-square and 
those from the achievement tests with ANOVA* 

The results did not show that the backgrounds of the students 
were significantly different* A significantly greater number of the 
AT students were favorable to the course than were non-AT students^" 
although there was hesitation in both' grc^s about recommending that, 
their friends enroll. Also significantly greater numbers of the AT 
group said the laboratory work was informative. ^Statistically signi- 
ficant differences related ,to achievement were hot found. 

/ 

Ott and Macklin (252) used a trait-treatment interaction approach 
to analyze the achievement of first-year college physics students in 
two instructional treatments, one an audio-tutoi;ial treatment and 
the other, a lecture-recitation-laboratory treatment. The dependent 
variable was student achievement as measured by the final grade. 
The subjects were selected from about 575 engineering physics' majors 
in a one-semester freshman level physics course at Cornell University. 
About 98 percent of whom were freshmen, 91 percent enrolled in 
engineeriiyg and 96 percent males. 

Homework, laboratory assignments and examinations were th^ same 
for both groups with the difference only in the instructional methods^ 
In the "standard** treatment students had two hours of lecture and 
two hours* of recitation weekly with two hours of laboratory on alter- ^ 
nate weeks. The audio-tutorial included one hodr of recitation per 
weelc^ith the'^center for audio-tutorial insti^actibn being staffed by 
tutors 52 hours per week. The analysis involved data from 115 AT 
and 188 "standard'* students. Three traits were considered in the 
interaction analysis; (1) mathematical aptitude a6 measuredby the 
College Entrance Board Scholastic Aptitude Test (SATM) , (2) verbal 
aptitude from the Verbal Section of the same test (SATV) , and (3) 
mathematical achievement as measured by the pretest. All students 
took six quizzes, as well as two interim and one final examinations 
which, together .with scores on thfe laboratory reports, determined ' 
the final grade. . . 

The analyses failed to- indicate significant difference^ betjween 
the final grades of the two treatment groups, although the standard 
treatment seemed preferable for students with a score- of nine or 
above on the, mathematics pretest Used at •Cornell, or an SATM of 725 
or above. However, the audio-tutorial treatment) seemed preferable for 
students with a pretest score of four or-below or an SATM of 625 or 
below. , 

Griggs (126) developed an auto-tutorial, audio-visuaj, minicmirse 
to: (1) inform and prepare Allied Health personnel, particularly 
respiratory therapists, nurses, and pediatric assistants ,^ to handle 
effectively problems associated with contamination and decontamination 
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of inhalation therapy equipment, ^nd (2) investigate how different 
^*>-«onibina talons of instructional methods a;:e related to student achieve- 
ment, an^^(3) determine an effective approach for implementing ^the 
mlnicourse. " 

, ' The* effects of four different treatment levels were studied with 
137 third quarter Allied Health students enrolle^d in Introductory 
Microbiology at Georgia State Univeirsity in the Spiring,* ^974. They 
were randomly assigned to one of four treatments, (l) programmed 
instruction alone, (2) audiovisuals alone consisting of slides with 
audio cassette tapes, (3) ,use of entire auto-tutorial, audio-visual, 
minl,course, and (4") the control, having no exposure to the auto- 
tutorial, audio-visual minicourse. Achievement was measured with * 
pre- and posttest gains using ANOVA. 

The analyses ihdicateH significant difference? between the groups 
u?ing variations of the auto- tutorial and the control treatments.. 
There was also a significant difference /between the group us^g the 
entire auto- tutorial, audio-visual minicourse, and the one' using the \ 
audio-visual alone. In other words, the greater the number of 
instructional modes used, the' greater was the achievement. . . 

One may summarize the findings of ^he various studies related to 
the autb- (or aud^o-) tutorial method bj stating that sometimes 
seeins to be more effective than other instructional methods and some- 
times it does not. As with numerous studies in which instructional 
methods are compared with one ahother, factors other tfian the method 
itself seem to be more influential- in enhancing various ty^es of 
achievement. ^ * ' ' ^ 

Althotigh many seem to equate self-paced or self-instructional 
methods with AT, there are many other formats of self-paoing and 
self-instruction that^ have been investigated. Two <eported here are 
. in^the biological sciences, four in courses in physidal science for 
non-science majors, two in physics and one in chemistry. 

Brecheisen ('52) reported the development and. evaluation of self- 
instructional supplementary materials in the form of minicoufses for ^ 
use in teaching introductory /genettps. Seven minicourses were 
developed including, behavioral objectives and corresponding test 
items; study activities; and an audiotape and a study guide. The 
original materials wefe tested with students and two or more revision! 
were made of each minicourse. , ^ * , . * 

> . > y F 

In determining whether the materials met their objectives, pre- 
and post'tests- were aditdnistered to *a treatment gtoup that completed 
the minicourses and to a control group that did not. • The mean 
effectiveness and mejin modified gain scare were then computed for 
each group. In six of the minicourses ^ t<he mean effectiveness was 
aBove 50 percent and in ^ix the mean modified gain score was above 
.80« It Has stated that these values indicated that the minicourses 
were effective in md^ting their objectives. In addition, F and 



' t-tests indicated that the posttest scores 'and gain scores were 
significantly higher for the experimental group than the con'trol. ' 
A questionnaire to the students indicated that the majority favoured 
the availability of the minicourses . However, when the ,sc6res of i 
low achieving students using the minicourses were^ compared wi'th those 
of Similar students not using the minicourses, significant differences 
wete not found, 

" ' .""--^ ' 

♦Pultorak (274) developed and tested a self-paced laboratory 
nxjdule in vascular plant taxonomy designed to aid undergraduate " 
tiology students in understanding both traditional and contemporary^ ; 
activities of the plant taxonomist, 

The collab'orators , number not indicated^, jwere^ student partici- 
pants and instructors*^ in three community colleges, who "assessed" 
the module in 'terns of^ its effectiveness as an instructional aid and • 
made recommendations .for rfe\^sions^ The reviseci module consists ^of 
a Diagnostic Pretest; a Student L^borato'ry Manual with two sections. 
The Common Laborator>r Experiences^ and The Divergent 'Laboratory 
Experiences; and an Instructor Manual, * It was " indicated 'that in 
general, students' preferred this method of instruction td a tradi- 
tional type of biology laboratory. 

Cms (246) described the development 3nd evaluation 'of an intro- ' 
ductory .courses in astrqnomy for non-scieuce majors in which the mode 
of instruction selected vas mqdeled after the Personali?.ed System of 
Instruction (P$J[) used by Ferster. The course was developed i*n the 
Summer, 1971,. with the theme being. "Western Man's View;of the 
Universe," The texts used in tjje course w^re Kuhn, The Copernican 
Revolution ; Munitz, Theorie^s of the Universe ; two .books from the 
Harvard Pr'oject ^,Physi^cs series, tl;ie reader and text ^pr Unit 2; 
and Asimov, Thfe Universe . The 'content w^s ^vided into 36 small 
^^imits and student guides were developed for each; The characteristics 
of P'SI are (1) unit, perfection (mastery), required for advancement to A* 
new unit; (2)' self-pacing; (3)^3 reliance on the* written v/ord fcfr infor- 
mation transmittal;^ (4) use of lectures and demonstrations as motiva^ 
tional procedures; and (5) the* use of student* proctors ^ 

' In the Spring, 1973, all students — 120 in number — who had 'only 
conventional -courses were divided intO' two groups; an e:sperimental 
or modified self-paced, and a- control or self-pace^d, * Mastery of a* 
unit Has measiired^thtough. a miriilec/ure or cl written exercise- with 
a criterion of 90 percent, ' ^ . * 

According to the Investigator, PSI was well received^by • the vast' 
majority of students • The experimental group received more A's and 
B*s than did the control group. However, a significant difference . 
was, not found between the two gtoups in mastery on the writjten exami- 
nation, ^ ^ ^ ' ' ' • * \ ^ 
\ ^ ^ • , . 1 ^ 

Robinson* (290) designed a study tQ^ d^termljie whethcir- students 
studying astronomy using a modejately structured program would learn 
astronomy as ef f ect^ively , und>erstand the nature and processes of 



scientific investigation as well, and deVelop as positive attitudes 
toward astronomy, research and teaching as those studying astronomy 
by a conventional lecture-demonstration-discussion approach. 

Fifty-four students enrolling in an elective introductory astron- 
omy course in the fall semesfer 1973 entered, one of' two sections on 
the basis of personal choice or scheduling constraint. The students 
were mainly freshman and sophomores and, had no "^knowledge that one 
section would be taught by . indivi^iualized insjiruction. ' The first 
three* meetings were orientation an4 tfest^ng during which they were 
administered an astronotny achievement test and an attitude scale of 
the semantic differential type, both developed by' the investigator, * * 
and the Test on Understanding Science (TOUS) . ^fter the initial- 
testing, one section pursued an individualized apjoroach ';?ith study 
guides, behavioral objectives, instructional ^handouts, supplementary 
, readings, and participation in an audio-visual astronomy learning 
laboratory. The other section met "for three--50-rainute periods each 
week for lecj^ture, demonstration and discussion. with the usual supple- 
mentary activities. The individualized group had a final examination 
whereas the "regular** group had short quizzes, three hoCir examinations 
and a 'final examination.^ The data from the test^ that were adminis- 
tered pre and post were analyzed ^using and t. * . , >a 

. ' The results tailed to indicate significant differences between 
tl]e two groups on understanding astronomy concepts, understandings 
about science and scientists -as measured with the tOUS; or attitudes 
toward scientists^. It was noted that students in the conventional 
grpup developed negative attitudes toward research. 

Bard (19) attempted to develop a programmed, self-paced, variables- 
step guide- and determine if the guide i^as as effective as the 
traditional textt)Qok lecture method of instruction in assisting the 
sttidenf s to achieve in the cognitive ^omain^ while improving the 
students' attitudes towards taking a required general .education 
science course. ' . , 

A study guide was developed and used in a college physical science 
class. Physical Science* 100 at Southern Colorado State Collfege during, 
the Fall. of 1973 to supplant two hours of lecture demonstration per 
week. The, performance of 22 studients tAo used the study guide was 
compated with that of a control group- of 48 r-egularly enrolled stu- 
dents in the' same course during the .winter and spring quar.ters, 1973, 
Using three multiple-choice open--book rests.- In addition, the 

.students evaluated the study guide usin*^ a 20-item questionnaire. 

' * ^ ft 

c ' ' 

An analysis- of the results failed to indicate a significant differ 
ence in achievement be'tween the experimental and control groups. 
However, students in' the study guid6 section- indicated that they 
preferred the self-paced study guide, over the conventional presenta- 
tions they experienced in other classes. They also preferred to 
participate^ in the selection of 'learning activities, and in small 
discussion groups over lar^e lecture sections. 
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Steele \321) sought to determine (1) whether differences e^ist 
^between the achievement of students in physi.cfe having traditional 
lecture methods of instruction and that of students in a laboratory 
setting using individualized learning packets; and -(2) changes in 
•students' altitudes toward science instruction, science c'fentent and 
, science teachers. 



The subjects ware 36 nonscience' majors enrolled in Physics 
306 D at the University of Wyoming, who were randomly assigned to 
either an experimental or control group. For the first four week^ 
all subjedts were i^equired to attend a series of physics sessions, • 
conducted in the traditional classroom fashion, during which the 
basic mathematics needed. for the rest of the course was presented. 
Then the subjects in the individualized section vere free to choose 
one of four individualized study guides and* master the -objecpd:^?^ 
including one of the alternative activitfies listed in eac^x^tu<iy ] 
guide.' The subjects in the traditional setting had grou^ instructio^ 
and guided lecture-demonstrations providedf by the inve^ti^tbr. 

Analysis of 'the results -was made with pre- and posttest scores 
from a (1) content teacher made physics test [sic]; (2) Harvard 
Project physics test [sic]; and (3) Physics problem solving test.\ 
The analysis indicated significant differences between the scores/ 
of the two groups in favor of the selx-rpaced grdup. An analysis /of 
pre- and posttest scores on the Affective Domain Scale •indicated/ 
significant higher s^cores for the self-paced group- for attitudeV 
toward science. Further, the majority of students thougtit they/ 
could learn more wh'en working at their own rates, and would livje to 
take additional courses in which salf-paced instruction is, usee 

Greenwood (125) had the goal 'df searching for a relationship 
* between the career relevance of subject* material in physics as per- 
ceived by the student and achievement in' self-paced and traditionally 
taught sections of an undergfaduate physics course. It was Hypothe- 
sized that (1) the correlation between perciaived relevance would be 
positive in both tr^tments, but greater in the .self-paced;/ (2) 
students in the self-paced would earn higher grades than those in the 
traditional; and (3) there would be "differences in final grades -and 
: in the relationship between perceived relevance and achievement on 
, ^ ;the basis of se^, high and low dogmatism, high and low test anxiety, 
and high and low reading aptitude. 



The subjects consisted of 126 of 236 students fro 
tional section a^id"^5 of 10_4_ from the self-pace^ sectio 
undergraduate physics course. The subjects were self s 
sisting^f students who completed ^nd returned usable 
The questionnaire obtained demographic data and contai 
Dogmatism Scale , the Sarason iTrue-Falsie Test Anxiety S/fcale , aijd a 
relevance scale. Michigan State University Reading aijd Mathema tics 
Test scores were obtained from University records. 
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AJV3P«lysis of the scores generally supported the hypotheses of 
the study. The relationships between perceived relevance and achieve- 
ment were positive and higher for the self-paced than for the 
traditional group. Also, ^ mean final grades w,ere generally higher 
for the self-paced than for the traditional group. 

Ijaz (154) sought to develop a method of individualizing instruc- 
tion that results in greater achievement in college physics while 
developing better attitudes^and sel'f esteem, and building confidence. 
The subjects were 80 students enrolled in a soghomore physics course 
at Virginia Polytechnic Institute and State University during the 
fall and winter quarters 1974-75 for each of whom was developed an 
individualized course. The effort was a test of the effectiveness of 
what was referred to by the researchers ^s the "Triple Stage 'interac- 
tion Model." . ' * 




In the first 'stage, the ajubject's attitudes', interests a|id apti- 
tudes were assessed; ' their cagnitive styles were ^alyzed with the 
Embedded Figures Test ,' the' Pattigrew Paper and Pencil Questidnnair<^ , 
the Triad Pictorial Stimuli Test , and Matching Familiar Figures Test , 
and the Stroop Color Word Interference Test . In , the second itage, 
the self-paced physics course was divided into small units, 
consisting of a law ot concept to be learned to .mastery. Ec 

was individualized into, t^sks for each learner. / In the thiL 

the learner worked on the tasks involving a variety of expediences 
including lecfures, demonstrations, experimentation, tutoring and 
independent study,^ all involving various types of ^udio and/ visual 

media. .The classroom atmosphere was informal and individual -help » • 
was always available. ^ ~ / ' * 

The data from pre- and posttests and examinations were compared 
for the experimental (individualized) group and a -cohtrol feroup taught 
by a lecture approach. The findings indicated that the experimental 
group achieved a greater mastery and retention of -subject [matter in 
physics and had developed more positive attitudes toward physics-* 
• ' / " 

Vanderbroucke (346) described a Personalized Ipstrudtionar 
System (PSI) for teaching general chejnistry at Wartburg College and 
the method used for evaluating its effectiveness. ^The system, with- ^ 
out formal lectures, is supplemented by tutorial assistahce from 
paid undergraduate chemistry majors. 

o 

' ' / ^ * 

At the t-ime of th6 study Wartburg was on ^a ^4-4-1 calendar in 
which a student took four courses during the fall and mnter terras,^ 
and one' in May. General Chemistry was sequ^jitial and covered all 
three, but the report §dea Is , only with the fall and* wihter terms 
that <:overed 14 weeks. The .course w^s divided into motnirig (A), and 
afternoon (B) sessions for •the first two* years with ari exploration 
of alternatives during the third year.. During ''the first year ^ 
' programmed text was used .<n B with the traditional infetruction in^A. ' 
the programmed section had two lectures and two help teesSions per week, 
<^ During the second year^ PSI was used in B with three 50-minute testing 
se^ions each week. During the 'third year, a fourthftesting session . 
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s was put in B. Students iti A and B took the same final examination at 
\ the end of the first term and the ACS-Cooperative E^caminatiijn in 
^'^ General Chemistry at the end of the second. There was no distinction 
^In laboratory activity that involved a three-hour session. 

An analysis of grades indicated PSI students are learning at 
about a level comparable with those in lecture sessions. But, PSI 
•students seem to think they learn more based on results from a 
student attitude assessment. 



Six research studies dealt with various aspects of self^p^ced 
courses for prospective elementary teachers. They mighJ>-Kave been 
put in several other categories, but they were put .h€re beca'use* of 
\the target population.' 



Futrell (107) attempted to design' a science course for prospec- 
tive* elementary teachers that would demonstrate its (1) appropriateness 
as an .instructional model suitable for -transfer to elem'entary science 
teaching and exportable to other college settings, and (2) effective- 
ness in developing desirable cognitive and affective behaviors, in 
prospective elementary teachers. An effort was made to prepare an 
individualized program in the processes of science, followed by d " 
pilot implementation that led to revisicKis; the implementation, 
involved a sample of 25 subjects. The effectiveness of the effort 
was judged using discrepancy analysis evaluation techniques to compare 
program outcomes with program, goals . The criterion level of perfor- 
«ance for the program was set at achievement of 90 percent of the 
objectives by at least 90 percent of the studepts. Performance below 
this level indicated failure to meet the designer's specifications. 
The cognitive goal of the course. was stud^iit .mistery of a set o^ 
science process oj^jectives; and the^ff active goals were positive 
attitudes toward science and science teacher; find positive attitudes* 
t^lpratds, and accurate perceptions of, the instructional prograui as ^ 
represented by a^set of attitude objectives. Irhe appropriateness of 
the program for transfer to elementary science teaching\w,as ascer- 
tained by comparing its characteristics with a set recommended by 
AAAS. The suitability of th^program for uSeiiji SDther college 
settings was made By obtaining data from a trJLal implementation at 
anothjlpr university^ ^ * ' 

i ' f M ^ 

* An analysis af the data collected fhpm p\e nfeasurfeiijents was 

claimed to indicate that the prograia (1) metl the 90/90 c^terlon 

level of perforraante, (2) incorporated 100 ^pfercent of thejcharac- 

teristics of science programs recommended bj| the MAS -for ' transfer 

to elementary science teaching, and (3) was /implemented in another 

university with less than 20 percent; modification. 



Hendrix (138) produced and tested ind: 
materials designed to develop basic science 
in preservice elementary teachers. The foi 
for the study were obseirving, measuring, c. 
The content f or Mevelaping observation wasi 
Science Study (ESS); for measurements, from 
(SAPA); for classification from Science Cu| 



idually-paced curricular 
process .skill competency ' 
r basic proces$es selected 
assifying and predicting, 
adapted from Elementary 
Science - A Process Approach 
riculum Improvement Study 
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(SCIS); and for predicting process skili-, materials developed ^Ar Oh^ 
research. Among tha first steps was the development of speciflca/ly 
stated performance Objectives fpr feach prgc'ess /Skill with which t^e 
study was conceded/. Then eight prototypje pr^/cass skill tests w^re 
constructed, a prdW and posttest for each o|'-the four sHlls/i^a 
learning guides were graduced for use ^y t^ie*^' preservice eleme^ntdry 
teachers in el'emenpary sciei>ce me£hods cpurses, togettier with 
Instructor's guide/ to accpmpany the student materials, ^ 



The prototyp^ materials were tested during the spring and summer 
quarters of 1973 arid revisions wer/a npde. The revised materials were 
pilot tested duriiig thfe ;f all , quarter, 1973-r74, with six sections of 
eldnentary scienae methods stud^^its ;at Ball State University/ Further 
.revisions were mide and the curricuiar materials were tested in fina]^ 
form during the- f/inter quart^ 1973i-74. Statistical analysis were 
from the /pre- and posttests,^ to determine .whether 
used the/material^ met the competency crjlfe^ion. 



made using scor€ 
the subjects whc 



Individual 
by means of the 



Ly-paced sciendfe- process skill materials w^re creXt^d 
methods used in this study, and the subjects met the 



•f 

were 



competency criterion for all process skills. 
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Ponzio (2f69) developed an auto-tutorial criterion-referenced 
(A-T/C-R) program to teach preservice elementary school^ teachers how 
to use six science process skills: observing, comn^unicating, "^comparing ,^ 
organizing, ^erimenting", and inferring; and ^valuatedHhe program's 
ef f ectivenesst' in improving the skills of the preservice elementary 
teachers in /ising these six processes, and effeQC on teachers' 




attitudes « 

The su 
rolled at 
assigned 
Resources 
were simu 
but the e 
A-T/C-R, 
groups w 
attitudes 

the data 
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jects were 74 preservice elementat^ school teachers en- 
e University pf California at Berkeley They were randomly 
experimental knd control groups lAsing "Woodson's, Limited ' 
esign" fbr the first part of the /experiment. Berth groups 
aneouslv administered skill and Attitude assessment measures, / 
periment/al gicoup then had six weelcs of experience with . / 
hereas jthe control group di^ no/.^ .After six weeks. both / 



e administered, a posttest for l^b%h process skills and 
A multivariate analysis of variance was used 'to analyze 
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Thd repult^ indicatjed that those/ yho used the A-T instructional ^ 
modules/ fori various processes of science scored consistently higher^-^Ji^ 
on all ineasuresl of process skills than did those in the control*, / 
In most! cases, jthose who were unable to pass the C-R science skills 
pretesjt sc(()red significantly high^ on retests for those subsections 



after /they 



^l^ng^ ver^ notj: observed. 



useci the A-T modules. /Significant effects on ^ittitude 



irkla t2()9) stated that uie^ specific objectives of. his study 
were /to deCermine i|f (1) use of written .questions within an activity- 
cdntered module resulted in greater immediate^ and diilayed ^learning 
thai? using no Questions; (2)/ locatioh o^ written questions relative 
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and Coimnunity Resources , although only the results with Science Process 
Skills were used in the analysis. All subjects cpjapleted the^Rokeach 
DoRinatisn^ Scale (Form E) for measuring ''openinindedness^^ and "c^osed- 
mindednes^;" The Scientific Attitude Inventory (SAI) ; Basic 'Science ' . 
Process Skills (BSPS); and Integrated Science ^roce^s Skills (ISPS), * 

b^tests and jr were us'ed to measure differences and ^relationships . 
The results of the analyses failed to indicate significant differences 
•between the se^f -spaced and teacher-p^ced'^roups in achievement on 
basic^ science process skills or in attitudes toward science. However, 
a significant difference was found in favor x>f the self-paced gypup ' 
on the test of Integrated Science Process Skills , Also it w^s no\e^^;^ " 
that the opeAminded students did better on the skills tests than <ll| ^ 
^the closedminded, ' ' , 

The studies involving self paced materials with prospective - 
elementary teachers are /generally . inconclusive. Where significant ^ 
results do favor treatment groups^ in many cases the control groups <^X>;,^ 
are left, to "forage for themselves," Under sucli » circumstances, one 
can hardly assume that comparisons have much validity, 4''^^^' % " 



^Kahle and Nordland (165) undertook a study involving AT but since 
it was concerned also with the concept of advanced organizers, the 
study is dealt; with separately here, ' Its stated purpose was to measure 
the aifferential. effect • of an advanced organizer on the meaningful 
learning* and retention of infornjJation presented to the learner in a 
sequential, Structured program of individualized instruction* 

The subjects were 293 students enrolled in a bialogy course for 
elementary education majors during the fall semester, 1970, Most of 
the students were female, non-science major underclassmen. They were 
randomly assigned, to two treatment groups that had identical instruc- 
tional materials, but' one group r€^ceive*d an advanced organizer and one 
'didMHot. The instructional materials were AT units covering change, 
atomic structure, molecular bonding, energy in complex twlecules, 
kinetics catalysis, equilibrium, entropy and enthalpy and extended ^ 
from September '28, 1970 to October 23, 1970* ^ v ^ 

At the beginning of each'' unit the* subjects were tested on micrp^ 
learning tasks; took self administered multiple-cho,ice tests at the 
end of A and B div'isions of each unit that lasted a week/ and took' 
^weekly oral quizzes, .The ^adyanced organizer was a 500 word audio- 
script cm a- cassette -bape^nd a brief .^film loop. A short experiment ^ 
was also "performed as^arc^f the advanced organizer, ' 

The analyses involved /38 measures of time and scores that were 
tested with ANOVA, Only Jfour significant F ratios' were found. It 
was concluded A:hat theri^was no discernible pattern of r^^sults, " It* 
was suggested that the advanced organizer may have taken up valuable 
learning time, but this 'does not ^eem t6 be tenable since it appears 
that, only lO^minutes of. the fouT week period were used'. 



109 



to the enabling activities affected immediate and delayed learnihg 
from an activity-centered module; (3) cognitive level of instructional 
questions used in an activity-centered. module affected immediate 
atid delayed learning; (4) locat'ion of instructional questions relative 
to the enabling activities of an activity-centered module affected 
immediate and delayed learning of relevant and incidental information; 
and (5) use of knowledge and comprehension rather than onl^y knowledge 
instructional questions affected application and/or knowledge scores, 
on iimnediate and, delayed posttests. 

The subjects were 99 students ^enrolled In an elementary science 
methods course at the University of Geprgia during the winter quarter 
1974 who were divided into nin^ treatment groups* The groiips were 
treated indentically Usic] except for the location and cognitive level 
of the instructional questions they encountered on an activity-centered 
module dealing with measuring /and the metric system. 



Multivariate analysis showed significantly higheic^/immediate and 
ed poSttest scores for those who had instructional questions 



delayed poSttest scores tor those who had instructional quest 
over those who did no't encounter, them., but significant differences / 
wdre not found among the various groups receiving questions at different 
locations and at different cognitive levels. Significant differen^fe/ 
were found, however, for incidental* te^t scores in favor of those / 
groups that had the instructional questions clustered near the end 
of the module. . * i 



Hubbard (149)* set out to examine the feasibility of modifying 
prospective elementary teachers' self-concept^ and attitudes toward 
biology. A self-concept of ability scale v^as constructed and, using 
students and a panel of judges, the researcher djetermined that itj^as 
sufficiently* reliable and valid for use in the study. Three dis*- 
cussion methods were compared for their, effects on prospective 
[elementary] teachers' attitudes toward biology,! 

According to the researcher, significant differences, between 
pre- and posttests, were found for* the improvement of attitudes toward 
biology of the prospective elementary teachers wt)o used AT, but 
significant differences were not found for methods including biology 
teaching videotapes, biology videotapes, and bio!.ogy experiments, 
The, changes that were observed werq attributed to relevance of learning 
materials to elementary science, and characteristics of the audio^ 
^^utorial' system, the instructor and the students, 

Campbell and Martinez-Perez (61) had the major purpose of deter- 
mih^ing the effects of self-pacing instruction in a science methods 
course on preservice elementary teachers' achievement -and attitudes 
toward science* A second purpose was to examine the relationship. , 
between "openmindedness*' and ^'closemindedpess" and achievement in science 
methods instruction. TH^. subjects were 20 preservice teachers (19 
females and 1 male, all being juniors or first semester seniors) 
who w^rerassi^gped randomly to two groups, on(? self-paced and one* tra- 



ditiohalSLy instructor paced. They received four\ 
What is Science; Science Process Skills; Science 



Instructional modules, 
Curriculum Material9\; 
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Anderson, DeMelo, Szlabo ^nd Toth (8) attempted to answer the question, 
"What i§ the effect of bejhayioral objectives on immediate learning 
from an inquiry-oriented [instructional program which incorporates^ 
knowledge and higher than knowledge cognitive behaViors as defined by 
Bloom?" It was hypothesized .that significant interactions would not . 
be f bund *Vstween (a) students who received behavioral objectives and 
those who ;get a placebo; °(b) high and low .students ori a test/of abilifv 
to^ use scientific processes; and (c) the tteatment conditrdnswagjdJL.eai'ner 
facility vith scientflfic processes, and the criterion of specific , 
subject matter achievement. » ^ ' • , . 

* ' > • « 

the instructional unit was based, on the BSCS Inquiry Slides: 
Structure and Function; Control of Blood Sugar; and A Homeostatic 
Mechanism; it included 24 behavioral, 16 knowledge, and 8 higher\^than* 
cognitive objectives that wer^ submitted to science educators for^ 
validation* Two wee]cs prioi; to treatment 40 students in an elementary 
science methods course in a major eastern university were administered 
the processes, of Scien9e Test (POST) and were assigned random, froi|fi 
two -class sections, to treatmef^t groups basjed on these scores. Prxor 
to -the experiment the subjects Tead a passage th^ contained behavioral 
objectives oY a placebo that consisted of an^UtTrelated discussion oJE ' 
a recently ^developed science curriculum. They then used the BSCS units* 

'An analysis of the scores of the crit^ion test based on toowledge* 
levels and on other scores obtained from tests administered to the 
subjects indicated that the experimental and control groups were not 
randomly selected from the same f)opulation, nor were the high and low * 
scorers on POST., Further, significant iiMteractions wBre not found 
between the type of* treatment and attainment of process, skills . 
Nevertheless," it v(as concluded that under Inquiry-orient^ed instruc-^ j 

ed to elicit both knowledge and higher 
:|ns, the use of behaviorally-stated 



tional sequences that are desigr 
than knowledge cognitive functic 



learning outcomes facilitates inmediate learning 



A generalization that seems 



ment in any dimension depends gr 
ment. 

Ihstruttional Methods 



reasonable from the findings of these 



studies on individualized instruction and self 'pacing is that achieve- 

eatly on factors other than the treatment. 



j The studies in this section overlap in purpose ^vith stbdies ip, 
cither sections. For example,- this section contains studies dealing 
with advanced organizers. However, one study dealing with advanced^ 
organizers was included in the preceding section since it also dealt"^ 
with AT. Since "Instructional piethods" make up a broad spectrum of 
studies, the groupings are not|parallei in structure.* Those ^Irst 
reviewed are grouped according^ to educational level. Those reviewed 
later are grouped according to/ certain educational strategies. 



Elementary LcvcL Hadar (129) condu(^ted a study, as much re- 
lated to mathematics as to science to determine if fifth graders can 
significantly improve their use of logical analysis through a suitable^ 
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Instructional unit taught under Ordinary classroom conditioYis. Con-t • 
*crete teaching materials were developed to help the students dis- 
tinguish between valid and fallacious inference patterns. Th5 valid 
patterns were referred to as Modus Potiendd" Ponens and Modus ' Tollendo 
Tollens; the fallacious as Affirming the Consequent and Denying the 
^Antecedent. "No formal rules of inference were tkught . The^subjects 
were 210 fiftH grade students in a suburban area, 104 in four experi- 
mental clale^s and 106 in four control. j 

The teachers participated in ^12-hour pretraining,, workshop to 
become familiar with the concrete materials in the experimental unit, 
^e experimental unit was then implemented by "four fifth grade teachers 
in their ordinary classes with a pretest/posttest , treatment/no trea^t- 
ment design to assess improvement in the co'^'ditional reasoning ability 
of the students. - ^ 

An analysis of the test results did' nof indicate differefnces 
bej^een the groups on the pretest, ^but there was significant difference 
between the two groups on posttest means and gains from pre- to 
postt-est in favor of the treatment (experimental), group. Th^ gains were 
mosf^evident on the activities related to fallacious inference patterns. 

Barber (ip) developed and evaluated a three-week integrated unit 
in mathematics and science for fourth graders using the guidelines 
of the Cambridge Conference repprt entitled,^ Goals foj: the CorrejLation 
of ,l)^a thematic s and Science .. The unit inclj^ded a pretest , posttest and 
plail^tarium trip as part of three/dtScovery-style investigations, each 
''of'which has several days' lesscrtis intended tQ prtomote an Anderstanfling 
of; the [sic] scientific method. l The geometry and astronomy concepts 
were integrated so as to complement one ano'ther. 

In the winter 1974, the unit was used, •preced'ed by ,a pretest.,, 
with three fourth grade classes involving 78 students and their class- 
room tea'chers in the Colorado Springs Public Schools. The classes^ 
were considered to be below average, average, or above average based pn 
scores on the mean Thorndike Cognitive Abilities ^ intelligence scores 
and Iowa Test of Basic Skills area scores .< The subjects w^re then ^ 
posttdsted. ^ \ ^ ' " 

^ \ ^ • * 

An analysis of the scores indicated there was a significant mean 

^ gain from pre- to posttesters Significant positive relat^onsN<gr*e 
found between posttest scores and ^scores on the (1) Ttfomdike Cbgnit^ive 
Abilities, and (2) Total Work Study Skills, Reading Comprehension, and 
Total Mathematics area scores of the Iowa Test of Basic Skills ; Signi- 
ficant differences were not found between posttesrt scores, of boys and." 
girls. Further, .^he mean eva'luative instrument posttest score for/ 
students in the below average class was' significantly higher than that 
for students in the above average class, [Reviewer's note: This point 
ngeds further study.] 

It \jas concluded that integration of mathematics and science ^^uch 
, as that attempted in tlvis study is feasible. 
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Barufaldi and Dietz (24) sought ^answers to two questions: (1)^ 
Do the differences in perceptions ^of soiled, objects and twoTdimensional 
representations of- the objects affect 'the perfopmance of children on 
vi-sual observation attd comparison tasks? a^id (2) Do the different types 
of two-dimensional representations (phoMtograi^hs or drawings) affect ^ 
the perfordlance of children on visual db^rvation.and comparison tasks? 

The subjects were 228 chil'Sren in grades ^,2,4, aha^6 randomly 
©elected from elementary school in aMarge' eastern, city.. Twenty-six 
tasks were administered verbally involving Jour ob'jects'; a pube, • 
cylinder, pyramid and cone. ^The edge of* the cube an^ pyrajnii^^ere the 
same length and the cone and cylinder were the same^ height. ^ The faces 
of the cube were painted red, yellow and blue ar^d those of the pyramid, 
red or yellow. Color photographs were then tak^n, and colored drawings 
then made of the same^qb j'ects . v ' * ' ^ ^ ** 

,^^roups ^of not more than 20 subjects were then presented with one 
.object^or^^representation (one on each subject 's^ desk) and reread 
tenobse^vation tasks. Then a second object or5^ repr^entation was added 
and 16 cotnpar^son tasks were administered.^ About 25 minutes were 
required for the activities. 

The results indicated that ^ixth grad(ir| were more skillful on 
observation in^ comparison tasks with objects than With drawings; fourth 
graders did better with photographs than ^3r^wi|igs; flrst;^, fourth and 
sixth graders performed better with ^^lid objects "than with photograpjis; 
and childreil at all grade levels did better with^ photographs than wixh 
drawings. 1 * • ' ' 

In other words, '*kids" work bet^ter with real things than with 
the abstraqt or unreal. / , 

I ' ' * ' 

Wideen ,<C361) investigated the effectiveness of Science A Pro- 
cess ApproA ch^ (SAPA) as compare^ to [sic] traditional scienc^' teaching 
on the basts of scores from cognitive, process,'' interest, attitude, and 
classroom JperceptiafPmeasures to Jind'out if any differences could be 
attributed to the factors of sex, IQ, -achievement* and grade. Thej»sub- 
jects W2re 531 students from 25 classrooms in grades 3-6. Those* from 
the Spe^|ish School Distjrict, South Dakota formed ffie experimental 
group andLthose from the Sturgis, Piedinont and Whitewood Schools 
formed the cartitrol. The mean.IQs based on the Lor^e-Thdfhdike 
Intelllgenpe^est were about 107 and 108, respectively , . * ' ' 



The 
ditional 
Test of 



c^rj 



xp?Qrimental group u^e^ SAPA and. the control" group had tra- ^■ 
ragrams. All subjects were measured Wifh the Sequential . 
ducat^ional Progress ; Scieijce; Revised Attitude Inventory 
Interest jlnventory ; SAP/^ Ptinil Progress Measure : - Part B ; ^nd Student 
Survey o| Teachinf^-Lcay^ning Environment . ^Analysis of covariance was 
used to< compare the gr^ps for six dependent variables. 

flot;|:Surprisingly/ intelligence was fp'und to be a significant niain^ 
effect for nearly a^ dependent variables, but the t-recCtment, SAPA or 
traditional, was not founcL/w have an effect in improving ^tudent 
Interest; in science or makl^ student perceptions of the feeacHer-learning^ 
environment more positive(. 
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The results di,d indicate that SAPA students had greater science 
knowledge than did traditional students but apparently the difference 
favored SAPA students rather than being statistically significant. 
This is supported by the statement that the results indicate in a gen- 
eral way that students fexposed to Si\PA do befter on cognitive process 
oriented ta§ks than do traditional students but there is not much effect 
on affective outcomes. 

V It was' found that boys performed better than girls on the cognitive 
outcomes ahd also showed more interest in science than did girls. 

Quinn and George (275) attemptedoto evaluate a method for t^eaching 
hypothesis formation to sixth graders ,by seeking answers to these 
questions: .(1) Could children's, hypotheses be improved?; (2) What 
criteria should be used to determine. an acceptable hypothesis?; and 
(3) Which students form the 'best hypotheses based on these criteria? An 
acceptable hypothesis t^as defiifed as•o^e that met at least ftie of these 
criteria: (1) it makes sense;' (2) it is empirically based; (3) it is 
adequate; (4) it is precise; and (5) it states a test, A Hypothesis 
Quality Scale was developed on the basis of the criteria and a set>bf 
^ Principles of Precision was ^id6ntified to determine when a hy^jothesiS* 
, is precise. The reliabjUfity of the. measures was tested on sample 
hypotheses by three science educators and was found to be adequate 
(r = .'94). . 

' ■ . ■ I 

The subjects were students in four intact slx^th grades; two from',,* 

a Catholic school in a low socioeconomic urban area, and two from a 

Catholic school in an upper middle class area. One class from each 

school was assigned to each of- the experimental and control groups*. • 

The treatment group viewed 12 filmloops and had six discussion sessions ^ 

40 minutes in length. Each filmloop/ thi:ee minutes in length, dealt ' 

with a single physical^ science concept. The f ilmloop was s^iown.and the 

teacher then questioned the students aboytt their understanding. The 

filml(5op was reshown with more questions, and the student's then vg^i^ote 

as' many hypotheses as they could; The students were then taught to 

judge their "own hypotheses with the Hypothesis Quality Scale. The 

control" group was in effect a non-treatment group although the members 

wene^y introduced to the use of the Hypothesis Quality Scale. 

' . The scores made. by both experimental and control students in rating 

hypotheses they wrote were compa^red using analyses of covariance with 

, icores on the Otis Test of Mental Maturity ae the tovariate. The groups 

were analyzed on tlie basis of High-Low IQ, Hi^h-Low GPA, High-Low 

Reading Ability, and Girls-Boys, 
r 

The results indicated the method used in the experiment can be 
used successfully to ^each hypothesis' formation. The Hypothesis Qual- 
ity Scale can be used to measure the quality of hypotheses, and given 
^ equal instruction low socioeconomic ctiildren do as well as high socio« 
economic children in the skill of hypothe'sizing. , It was also stated 
that .the^^bility to ftlrra hypotheses 4s jrelated to Intelligence, ovi»rall 
GEA, reading ability, and sex; the latter relationship is not described. 
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Bedwell (30) carried out an experimental -fetudy to determine if 
teachers trained in question-masking skl41s /could cause greater cog- 
nitive achievement and more positive attitudes by using a high level 
questioning strategy than by using a low level questioningf strategy • 

igh level questioning strategy was operationally defined as a 
discussion lesson procedure in which at least 40 percent of the teacher^ 
verbal questions were above the comprehension level of Bloom's Taxo- 
.nomy. In lessons using the low level questioning stratelgy, the teacher' 
verbal questions were below application level. 

The subjects consisted of nine volunteering teachers, four from 
the fourth grade, three from the fifth, and ..two from combine'd fourth 
and fifth. They were prepared in. a worksh'op on question-asking skills • 
with a self- instructional module entitled Question-Asking Skills for 
feachers that;^ had audio segments for class discussion. Before the - 
training sessions, the teachers prepared' 15-20 minute recordings of ' 
one of their classroom discussions for comparison. Then the nifie, \ 
teachers conducted discussion lessons with their students based on 
science history stories from a* fourth grade reading series. Pupils 
within each class were assigned randomly, fcq one of two groups • One 
group participated in discussion lessons invAving the extensive use - — 
of high level questions by the teacher. The teachers- of the second' 
group used a p^reponderance of low level questions. „ 

Effects were evaluated witti three lesson posttests that/ measured 
achievement at sioc levels of cbgnition and. with a measure that as- 
sessed student's attitudes toward the instruction and* subject matter. 

An analysis of the data indicated that three teachers did not -ask 
40 percent of the questions at a level higher than comprehension and 
so were not considered a^mplementers . Teachers 3 and 9/ withdrew from 
the study. Teachers 2, 4, 7 and 8 did , ask more than/40 percent of the 
questions at a'^level higher than comprehension and so were considered 
to be implemefTt^ers. \ * -ti^ 

But, significant differences were not found among the mean scores 
of ^students on the attitude measure despite t^he questioning strategy, " , 
nor were significant differences found among students on. the posttests 
based oa the questioning strategy although fifth graders .did better 
than fburth graders on 4-tems above the cfomprehension level/ 

: V * 

An analysi's^ of the i f iiidings of. all these studies fails to suggest > 
that any consequential generalizations' 6an be jnade» Many of the studies. 

do *show that treatment groups may generally do somewhat better thar^ 

non-treatment groups, but the differences^ • generally non-significant, 
are logically attributable to the Mas of the researcher 'for the 'treat-^ 
nent and to the -Hawthorne Effect, ^ , ^ ' i * 



Jimio\-Hij*h Level. Two s^tudies were] found at this l^Xel, one 
dealing with jseventh graders and the other with ninth« grade^. In th^ 
first, Mcintosh (216) developed, packages of , quantitative me^asurement-*. 
operations iptended.for use in the teaching of seventh gradfe life 
science; explored the mechanics \of their use in the.clas^oom; and 



examined ' the instructional effects of these ciaterials. Five packages 
of quantitative measurement operations were developed related to 
seventh cgradeN life science and employing inexpensive 6t easily-raade 
instruments such as metric rules, balances and protractors. Each ^ 
package /consisted of several Manipulative Learning Operations ♦(MLOS) 
and two tests. - ^ * . 

The subjects were 386 students in 12 seventh grade classes of 5 
teachers in the Martinsville City and Henry County, Virginia School 
Systems. Seven of the classes used the MLOS in their ^ife scie^tce 
classes and the teachers were allowed to use^hem in the manner they 
chose. The other five classes u^^ci the State adopted textbook and 
followed the regular classroom procedures.. All 12 classes took the pre- 
tests and p^osttests related, to the materials 'covered in the pacK^ges/* 
Thg tests were author developed and consisted of multiple choice items, 

f An Analysis o£ the test scores failed' to indicate- significant , 
differences between the treatment and non-treatment groups on pre- 
and posttests. , Also, the groups were not found to differ with reSpect 
to change in mean Score in using measurement operations. 

Wright' and Fowler ,([368) set out. to explore the effects of Inten-* 
sive Instruction (II) in either observation of details or Cue Atten- 
dance (CA) in a science problem or the production of tenable hypotheses 
(HG) about a science problem on future open exploration behavior. The 
investigation was pursued by measuring , performance,- on five dependent 
variables, by ninths graders after experiencir\g n in either CA or HG 
which included (1) quantity of QA; (2)' quantity of HG; i3) quality o£ 
HG; (4) quantity of Information Search CIS); and C5) diversity of IS, 

. One^ hundred' twenty ninth grade students were randomly selected from 
those of high and low abdb^ity from two schoolr^isfrricts in Pennsyl- 
vania; 40 of the 120 were assigned to each of three treatment g^'roups; 
-<1) Group A-II in CA;V.(2J^ Group B - II in HG; and (3) Group C con- 
trol with II, The ffGinbers'Qf males and females in each grpup we^re about 
the same^. . ^ ^ 

Prior to treatment, all studentfe were shown the filmloop entitled 
"The Knife" from the Inquiry Development Progrcim in Physical Science' 
(IDPPS). Then apparently Group A received II in CA; Group B received 
II in HG; and Grouj) C received' neither . • 

/■ 

In II each of the students viewed* the^l^PPS filmloop entitled. ^ 
"The Balloon ip the Jar" until they reachea Toastery criterion of either 
75 details or 5 hypotheses. Then all students viewed three other filp** 
. loops in random order, followed by posttests. 

An analysis of the results indicated that both II students, in' CA , 
and HG jJerformed better than the control^^groups except in the c^se'of 
<IU^ntity of CA in which significant differences t^ere not found between 
^the HG group and che control group • Both CA and HG seemed to. per- 
form equally ^well onf all dependent varial;^es .except for th.e quantity ^ 
of CA In which II 'CA observed a greater number of details. Significant 
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differences were not found among the low ability sub groupsx or among 
the highr ability subgroups of Groups A, "B and C on each of, the depen- 
dent variables ' ' . 

"Neither. of the two junior high level studies 'provided conclusive 
evidence for any generalizations. - * ' • 

^ High School Level, Four studies were found in this topic area 
at the high school level; three 'in biology, and one in chemistry. 

Ryvicker (297) compared three instruQtional strategies — coordi-^ 
, n^te, superordinate, and tangential — in an effo^rt*"^ to. answer the 
question; "Does one present a multitude of concep/s *^hich. are 
subordinate to and/or coordinate with the others in the schema ^or 
present^a superordinate concept to subsume and organize 'those which 
follow into a schema?" The concept dealt with -food chains flhdthe 
strategies had these characteristics, (1) coordinate— overlearning 
the food chains at conceptual levels coordinate with tjiose employed 
.in criterion-oriented instruction; (2) sjuper©rdinate— opportunity 
for overlearning the food chain by working from the fbod web concept; 
and (3) tangential — explaining terras related to food chain concept 
without concern for the level of abstraction. 

The subjects, were students enrolled in biology cour9e$ in Rotter- 
dam High School, Rotterdam, New 'York. T^y were sep'arated into two • 
language ability groups on the basis of the score's from the eighth 
grade administration of the "Vocabulary" and "Reading Comprehension" 
subtests of the Iowa Tests of Basic Skills . * Those who scored 18.3 
or above on the test of language were" considered tihe high group, *ai)d 
those 17.7 afnd below, ' the low group. - -Thirty we]||e selected at random 
from each of the two groups; ten from each' group experienced one of 
the instructional strategies that was presented by videotape on 
^^lo^d circuit TV. Retention after 1 and 15 days was measured by 

rinal tests developed by the investigator and an advisory panel. ^ 

,The results indicated fchat the high* ability ;Language group -Scored 
consistently -higher than the low ability languages group on. the post- 
and post-post petention^ tests. Also, on the post-post test, thdse in 
the superorcyjiate treatment scored significantly higher than those in 
the coordinate or in the tangential,. * . ' ; . 

> — ' • • ^ ^' ^ 

Haz|p (-135) compared the ef f ec'tiveness of an innovative technique 
simulation gaming, with that of a more treditionaL question-answer 
approach to^^teaching. Effectiveness was measured in. terms of imme- 
diate cognitive learning and detention of cognitive teafning. Xhq. 
experimental group's affective reaction or attitude toward simulation 
was determined. In addition,^ the relationships among the three 
dependent variables and two independent variables, sex and-* general 
learning abil^^, were determined for the experimental group. 

The subjects were students in two schools selected from the Stark 
County^ area, Ohio that did not have ability grouping,; individualized • 
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instructlou, or the BSCS Green Version for their tenth grade biology 
classes*. The "nonequivalent control group design'* was used with four 
Intact classes at each school (N « 116), that were randomly assigned to 
experimental and control groups, The design for both groups involved 
a pretest, a four-day unit, a post test, and a retention test three 
weeks later and the content of the lesions was identical. However, the 
experimental group -played the science simulation game, "Dirty Water," 
and was involved in daily 15 minut^ debrief ing sessions. .The control 
group followed the more traditionalNmit instruction with films, ques- 
tion and answer discussions,, and notecaking. The posttest and 
"retention test were unannounced. / , . 
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ANOVA was used to test for differences between the two groups and 
for relationships among variables . The results revealed significantly 
higher scores for the experimental group on retention of cognitive 
learning, and significant po^^tive €orrelatioris between general learning 
ability and posttest cognitive learning scores, and retention- test 
scores. However, significant^ differences were not found between the two 
groups on immediate cognitive learning, nor were' significant correla- 
tions found between students' attitudes toward simulations gaming and 
sex or general learning ability, or posttest scores; or between sex 
and posttest cognitive learning scores or retention test scores. How- 
ever, a significant positive correlation was found between students* 
attitudes toward simulation gaming and retention test scores. 

In summary, learning ability is an important factor in cognitive 
achievement and retention seems to be fo&tered by simulation gaming. 

The Holliday (144) study had the\purpose of examining two in- 
structi9nal stimulus units, (1) Verbal statements (Vs) and (2) text- 
book-like pictures (Pt) + Vs. In this study Pt consisted 6f simple 
block line drawings that illustrated the verbal statements, on the pagfes 

• " ' >f 

,EjLghty subjects were drawn randomly from 221 students enrolled in 

seven tenth grade biology classes, in two Calgary, Alberta high schools. 
The subjects were randomly assigned to one of two treatment groups, 
Vs arid Pt+Vs. Vs treatment consisted of a 23-page ^Ipi^ose" description 
of natural and experimental effects of the piant growth hormone, auxin, 
on stem and root growth under various conditions. The Pt + Vs treat- 
ment consisted of the same prose plus block line drawings with verbal 
labels and verbal descriptions where appropriate. The verbal .poalttest 
consisted of 30 multiple-choice items dealing with 12 experimental situ-- 
atlons similar to those in the learning materials. 

A one-way ANOVA to test differences between the two treatments in- 
dicated significantly higher scores in favor Of the Pt + Vs over Vs. 
The study demonstrates that a certain type of illustration for certain 
topics enhances achievement. ^ 

Coltrin (71) investigated what happened to the student participants 
In an introductory chemistry course in high school in which the [sic] 
scientific method was. stressed in a democratic learning environment. 
The students in the 'democratic classroom were compared with students in 
a traditionally instructed classroom in which the [sic] scientific method 
was alsb^stressed as a*valuable tool to problem solving. 
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The investigator instructed both the experiment^J/ and Ji^aditional 
classes^ He assumed a typical teacher controlling role in the tradi- , 
tional class by sel'dtting the textbook*/ choosing the laboratory 
workbook, and outlining the majbr areas for student .^study. He* 
operated -from a list of .behavioral obVectives and lesson plans that 
stressed the scientific method. In the experimental class, the ^ 
Investigator and atud^nt planned the /course -together. The course 
materials were not aetermined in Advance and so student input was 
accepted.' 

The investigator claimed that /the results indicated that the 
students In the 'experimental' groyp/ (1) had understandings of chemistry 
and science concepts and » laboratory skills equivalent to those in the 
traditional group; '(2) asked more questions about the world of science 
and became more involved in investigations than those in the tradi- 
tional group; and (3) showed greater shifts in attitudes toward the 
values of science in their lives than those in the traditional group. 
However', those in the experimental group were not found to use more 
resources than did those in the traditional group develop warm, 
cooperative relationships witn their peers to a greater extent than 
did thpse in the traditional. /group. ^ >• 

The studies at the higW school level were too diverse in purpose 
to warrant synthesizing generalizations. 

Junior and Commuifity College Level. Only two studies were found 
at this level. In one, Week (221) stated that the purpose was two- 
fold, (1) to determine if /training students about the purpose and use 
of behavioral objectives /they receive in instruction has a positive 
influence on their mastery of the objectives dnd their learning-rtime 
expenditure; and (2) to /ascertain whether allowing students to parti- 
cipate in the selection/of objectives for different units of ^ 
InstructiQn positively /enhances their , mastery of, the objectives and 
learning-time expenditure. 

The subjects werj^ four groups of eight enrolled in an introductory 
biology course at Shmreline Community' College in Seattle, Washington 
during the summer, 1971, and were randomly assigned to one of four 
treatment groups, ^simple posttest — only 2x2 factorial design was 
employed since each/of- the variables had two levels, (1) training in 
the purpose and usey of behavioral objectivesN versus no training; and^ 
(2) participation in the selection of objectives versus no participa- 
tion. .The two dependent variables were number of objectives success- 
fully mastered in /a unit of instructiqn, and amount of time spent 
studying toward n^astery of the objectives selected for each unit of 
instruction « 

The results indicated that training students in ttie purpose* and 
use of behavigxijL objectives had a significant positive effect on the 
number of objectives mastered on the initiaj. unit of instruction,- but 
it was not found to have a significant influence on the amount, of learn- 
ing time expended toward achieving the^ unit objective's. 'The results " 
failed to^^shoy that participation in selecting behavioral objecf^ives 
for three instructional unijts had a positive effect on* the number of 
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objectives mastered, but indeed showed there wak a sig|(iflcant negative 
effect. Neither was participation in selection of objectives fX)und'to 
have a significant effect on learning time expanded m achieve mastery. 



Lu^e 



It was concluded that training in the piirpose/and use of • behav- 
ioral objectives has merit, but stildents may view ?heir participation 
as an^ inappropriate anc^illegitimate activity/. .Because of the small 
size of the sample, the latter finding needs /further study. 

\ ^ / . ' * ' 

Gamer (1^) carried out a study at the El Re'no Junior College to 
determine i.f the use of more than one instructor in teacl^ing a general 
physical science course produces a significant change in achievement as 
measured by gain scores.' The changes were delated to the .variables of 
sex of the student', ACT' scores, high school mathematics and science 
backgrounds, and the amount pf time that h^d elapsed since high school 
graduation. 

The investigator indicajted that stuiients taught by more than one 
Instructor scored significantly better on the chemistry unit in the 
physical science course th^n did students with one instructor; the 
reverse was true for the geology section/ of the course. Significant 
differences were ifot found between the' one and more- than-one ' instructor 
treatments for achievement in the physics-astronomy units, even when 
related to the variables. In summary, ^ne teacher, at least under the 
conditions oi this study, is as good a^ "more than one." 



Generalizations could not be made from two studies with such 
diverse purposes.^ 



Wait-Time 

Two studies were found that d^alt with the ihstrpctional technique 
of "wait-time," both concerned with/ elementary science instruction. 

Fowler (104) investigated th^ non-verbal* teacher behavior of wait- 
time which is the silence in a conyersatiori following a teacher or student 
utterance. Specific forms of wain-time are (1) Teacher Reaction Wait- 
Time - the silence between student and teacher utterances; (2) Student 
Reaction Wait-Time - the silence oetween teacher and student utterances; 
(3) Teacher Initiated Wait-Time 4 silence between student utterances; 
and' (4) Student Initiated Wait-Time - silence beitWeen teachei^ utterances. 
The primary purpose of this invest igat ion was to <a5 docupient some of the 
behavioral and cognitive effects of wait-time, and (b) ^delineate the 
Interrelationships among the various forms of wait-time. The secondary 
purpose was to study the expecued inverse relationfetiips between teacher 
SCO res. on the Pupil Control Ideology Form (PCI) and the duratiorf of ''^ 
natural Teacher Reaction Wait-jtime. 

The subject-s were 51 pr^service te.achers.. Thirty-one were trained 
to use Teacher Reaction Wait-ffimes of .5 and 2.0 seconds with inner 
city elementary school children. Twent;jr teachers instructing' junioi;' high 
school students were randomly* assigned to -.use shorter or* longer wait-times 
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while teaching an inquiry science lesson, 
to groups of three to five, the lessons weij 
times measured and the incidence of product 



Students were randomly assigned 
e tape l^ecorded, the wait- 
variables noted. 



An analysis of the results showed th^t, with increased Teacher 
Reaction Wait-Time, (1) the incidence of student-to-student interactions 
increased; (2) student inferences decreasec; (3) the length of Student 
Refaction Wait-Times increased; * (4) the leng;th of Teacher Initiated Wait-. 
^Times increased; (5) the difference betweei], Teacher Reaction Wait-Time 
and Teacher Initiated Wait-Time increased; and (6) student initiate^ 
statements increased. Unfortunately little was said about»* the relation- 
ships between the scores on the PCI and thd various findings about 
wait-time or about the consequential implications of the findings. 

In brief, if the teacher uses judicious silence at the appropriate 
times, the student may be able to think and! make ^ome sensible statements, 

Anshutz (12) designed a study to compare the effectiveness of 
training^in wait-time and questioning^ techniques on subsequent. classroom , 
behavior of preservice -elementary school teacher^. Thi^d and fou^h 
grade SCIS students taught by the preservicej teachers were tested for the 
dependent variables of achievement, subject preference, and attitude 
toward science. 



thii;d and fourth grade stu- 
ols and were taught by 13 



In order to make the comparisions, 180 
dents were selected from four elementary schc 
experimental and 13 control preservice teachers who were randomly selected 
from two science methods classes. The study had two phases: (1) the 
on-compus phases du^'ting which the experimental group had experiences to 
modify their questioning and wait-time techniques using* the Science 
Curriculum Improvement Study (SCIS) < and (2) the fieM experience during 
which all the preservice teachers worked in microteaching situati^ons 
with elementary students for 12 307minute sessions over a.pferiod of three 
weeks. Compairisions were made for the two grolups on wait-time^ Question- 
ing, achievement, attitude, and subjlect preference in four testing 
situations, ^including two aiidiotaping^\ pre- and posttests with the 
Subject Preferetfce Test ; pre- and posttests ^ith the Attitude Test ; and 
. postte^t of the Evaluation Test . ^ \ | * / ^ 

/ •» 

^ The findings failed to indicate^signif icant differences between the 

two groups in the initial taped classroom teaching in terms of average 

^number of questions asked average" wait-times , After four weekjs of 
teaching it was claimed that the experimental group asked signif icjantly 
"1 more probing types of questions and showed significantly longer w^it-times 

\ than did the control group. However, significant differences were not ^ 
found between the two groups on the» SCIS . Evaluation Test at the eiid of 
Instruction or on the pre-^and posttests of Subject Preference Te^t , It » 
was noted, however, that t;he control group scored significantly higher 

' than the experimental group on the pretest of Attitude Toward Science ; 
significant differences were not found on the posttest. The increments 
experienced by the expef imentfal group with respect to que*stion categories 
asked and wait-time were not reflccte3 in student achievement or positive 
change in attitude when the -experimental and control classes were compared 
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:lme studies did not produce findings «^frOTi which con*-* 
cations can be made, 



Kinetic Structure 




According tq Garrigan C115),^*0; Roger ^derson Ita:^^ proposed thkt 
the sea/uencing of feubstantive words within a lecture ^poses a recogniz- 
able a^d definable \strticture on' the discourse. He 9alls this verbal 
structfufe 'Kinetic Structure,* Anderson defines Kinetic Structure in 
terms of coefficients Which can be calculated after an appropri'ate coding 
of a lecture, Amongi tne various coefficients defined by Andersori, two, ^ 
Me^ and Mean B2»\ Provide a measure of ^the gross Kinetic Structure of 
lecture. Three c^thei^s. Mean D, Mean NAC,,'and Mean RAC provide infor- 
ion on specific segments of the lecture," 

% T 

In brief, "If. an\ instructor has the common sense to explain phenom- 
ena usirlg simple terminology in a rational sequence with linkages between.^ 
ideas, the students are^ likely to know wh^t he is talking about. Otlier- 
\wise, they probably won\t understWd/ hira." In providing further 
information about "Kinedic Structure," it may be appropriate ^to review 
a study by Anderson and Lee \(9) that "presents a theoretical ^discussion 
of structure in communicatior^ and its relationship to student knowledge 
acquisition." ; , . - • - 

In ^veloping the report, the investigators used as subjects 61 
* female ninth and tenth\graders from 'an urban private school . Tljey 
formed two groups of Wean age 15.1 and 1-6.3 with above average I.Q,*s.. 
A treatment communicant ipn of African sleeping sickness was prepared. Jhe 
first was^ prepared with high structure compared with many classroom 
teachers' oommunications with highly discernible meanings linking ideas 
between statements. This was rewritten so that each ^pace of communi- 
cation involved low structure. A third treatn^ent had alternating spans 
of high and low, communication and a fourth, began with low alternating ^ * 
with high. Tha treatments were administered to the -Subjects using 
audiotape. After administration the subjects were ask^d to write as 
many statements as they could recall. Recall scores were then computfed 
and two-tailed tests were used to compare mean scores. 

A second communication. Life in the Ocean," was then prepared owith 
spans of varying* structure and presented to 41 male and female students 
in an urban junior higl? school who were of average mental ability and 
had a mean age of* 13.3. An analysis wds made similar to that for the 
first conjmunication. . 

' • \ 

The results showed, not surprisin^gly, -that* high structure spans * ' 
produced mote recall tl;ian did low structrure and that total recall scores* 
with high s^ans were significantly greater than were those wi^th low - - 
sp^ns. ' It was concluded' that the amount of structure is directly related 
to the amount of recall. ' 

Garrigan (115) studied three lectures in general chemistry for each ^' 
Ojf six chemistry professors, 'that were recorded, transcribed and co^ed 
according to Anderson's coefficients. A comparison among the assigned. 
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' coefficients showed that "significant: differences between the -18 possible 
lecture pairs for each coefficient, occurred seven times ~f or B2, five 
times for NAC, four times for D, once for Bj, and never for RAC, It was 
concluded that individuals whose lectures are* distinct in tenps of de- • 
pendent variables tfeud to produce lectures of high Kinetic Structure with 
Kinetograms recognizably different from those of the lectures of their 
peers, Also, lecture topics we/e not found to have effects on th'fe 
Kinetic Structure of Idctures within a -discipline, A comparison 
Kinetic Structure of lectures between disciplines indicated signiffl.canF' " 
differences between chemistry and both physics and biology, but failed 
to show a significant difference Jjetween physics and biology. However, 

^JClnetic ^tructi^re did hot appear to be a function of any discipline, 

Simmons (309) had the objective of examining the effects- of*' verbal - 
communications on student knowledge ^bout, and performance of, a psycho- 
motor skill, namely, tKe use of a compound microscope. The t.wo independent 
variables were structure and method. *The study was designed so that half 
the subject^ received information -having high, structure whereas the other 
half received it witti low structure. Also, half received a commupicatiotj 
containing parts of the microscope and definitions integrated within the 
pr<e§entation, the other half received a communication containing the same 
definitions that were "separated and administered^' before the presentation. 
Accordingly, the design had four treatments: 

\ I ■ ' ^ ' ' ■ ■ ' * 

1. Low structure with integtated definitions, 

2. Low structure with separated definitions, 

^, 3. High structure with integrated definitions, * * 

4. High structure with separated definitions. 

Eighty ninth grade students at* a New York City high school who were 
used as subjects were randomly assigned to one of the four groups. The 
treatment and test procedures were administered to individual subjects 
and a two-way fixed analysis ,of variance was usfed to detect any signifi- 
cant^dif ferences.^ - . . 

The results of the analysis were claimed tp indicate that high 
stmdture produced higher- scores than low structure, and separate defini- 
tions produced {sic J higher scores than intergrated definitions^. It was 
concluded that the best way to learn a performance task is by mastery of 
the subordinate pha^e which*in turn facilitates positive transfer to the'**** 
subsequent higher phase. In other words, one works most successfully 
from thiB bottom up,. 

vance Organizers , * * . 

One study dealing with advanced [sic] organizers has been dealt with 
llcr since the major purpose of the study was not focused directly on 
the'advance organ-izcr. In this' section, four studieg on adva^ice organizers 
are dealt with that are focused mainly on that topic, 

Lucas and Fowler (204) undertook an investigation to determine (1) 
the effects that three types, of advance organizers had upon learning of a 
blolpel^cai concept; and (2)' whether student variables ^of I,'Q,', abstract" 



reastoning, and sex had any effect upon learning of a Ibiological concept 
when utilizing thyee types of advance organizers. The s^ibjects of the 
investigation were 120 seventh graders selected randomly from 196 ehrolle 
In a middle school in northwest i»ennsylvania. The supjects were strati- 
fied on the basis of I.Q. scores- and assjLgned to four 1 treatment groups: 
one received an audio ad\^nce organizex; the second, 4 video advance 
organizer; the third, a written advance; and the fourt^h was a control.^ 
All subjects were administe?;ed the Academic Promise Test for assessing 
abstract reasoning ability -ah^ the California Test oi Mental Maturity : 
Short Form . K \ ^ / \' 



The treatment period lasted four weeks an(J^dealt with the concept, ^ 
"Interdependence of Living Things and Energy^transfopnation." The adv^ncei 
organizer was administered for one hou;r with the control group being 
a "historical pass2 
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'An author coi^pructed multiple-choice' testr^of 30 items was admir 
istered at the end of the treatment and ANOVA was' us^,d to investigate 
differences. The results did not indicate significant effects between 
the thire^ organizers and scores on the achievement Vest . Neither w^e 
interactive' effects found for I.Q,, abstract reasonmg/dbility , or sfex on 
treatments. In effect, significant differences were \ot found between 
the experimentai and control 'grouos on any of the factors studied. 

Jones (160) wanted to determine if advance orgahizers'^SffSnerai.ly 
described as more abstract^ general^ and inclusive than the M^^ri/als tKey 
precede, are also level specific; that is, selectively benef icial>only . 
to subjects at a particular level of demonstrated scholastic ability. 
To resolve the issue, a relatively abstract advance organizer was/ prepared 
for high school students enrolled in a coll-ege preparatory curriculum 
(abstract sutrjects) and a relatively concrete one on the same topic was 
prepared for high^chool students enrolled in a basic curriculunf, (concrete 
subjects). An advance organizer on the same topic was prepared/for Experi- 
mental control [sic] groups. 

^ The abstract subjects (students) were randomly assigned t^ three 
groups: one received the abstract organizer; the second, tl^ concrete 
organizer; and the third, the non-organizer. The concrete Siibjects were 
similarly 'divided and treated. Following the introductory experience, 
the subjects received four days of classroom instruction folLbWd by a ' 
performance* test. A retention test was administered three weeks\later . . 
The statistical an'alyses for ascertaining differences involved varipus 
types of ANOVA. - / 



The results of the analyses indicated ^ that abstract subjects receiving 
the abstract organizer performed significantly better than 'did their peerS 
who received the concrete prganizer or the non-organizer. ^'Concrete sub- 
jects receiving the concrete organizer performed significantly better 
than did theip^eers who received the abstract organizer, ^but not signifi- 
cantly bett^ than did^those who receivcja the non~organiz6r . Significant 
differences were not found between concrete subjects receiving the abstract 
organizet or the non-organizer. • The retention tests did not indicate 
significant differences among treatment groups for ^either absSiract or 
concrete subjects. * / - 
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It was concluded that advance •organizers can^be prepared' that are 
selectively beneficial for subjects, at a certain level of. scholastic 
ability, but in terms of the findings 'of this stifdy\ are benef icial for 
ort-term achievement rather \than -long- term retention. ' 

Slock (312) made an effort to determine if an advance o^^ahizer 
would cause both short-term and long-term increases jin student perfor- > 
mance on an achievement test; In ord^r to gather data, the investigator 
divided freshman medical students, who were tak'ing the medical micro- 
biology coujTse into two groups, an experimental and a control. ,i6n two 
occasions prior to the instructional unit on bacteriology, students in 
botli^Sfcups read a. ^ix-page written •passage . "me passage for the 
experiEmtal group was an advance organizer, whereas that 'for the control 
group wak a rvon-conceptual passage. The. advance organizer discussed 
the basic\concepts of how bacterial cause* disease and procedures for 
solving clinical problems. The non-concei)tual passage- dealt with common 
sense use of antibiotics by mecEcal practitioners 'but did not discuss - 
bacteria &s disease causing organ)Lsms. 

At the conclusion of the bacteriologi^l unit, an Achievement Test 
was administered to all subjects to measup^ short-term post-instructional 
achieveii^nb, and again six months later Xo measure long-term retention. 
The scpres 'of the two groups were analyzed using a three-factor ANOVA. 
The results of the analyses indicated that the experimental group perform- 
ed significantly better than the control on both short-term achievement 
and/ long- term retention. . \ . 

The study supports little more than ^what sensible .teachers have 
known for decades; namely, if students are apprised' 'd3E the learning s • 
'experiences ahead of them, they are ^ikely to perform better than students 
who are not apprised. ^ - * 

Kennedy (169) undertook a study to deten^iine the effectiveness of a 
comparative adv€lnce organizer in the learning and retention of metric 
syg'tem concepts with respect to (1) student ability - measured by the 
subject's grade, point average; (2)^ cognitive structure - the number of 
high school and college courses in science and matheme tics completed; 
and (3) treatment group - comparison of advance organizer, historical 
introduction, and/or control group. * . 

f Ae subjects used "in the investigation were enrolled in Physical 
Science for Elementary Teachers which is a required course in the elemen- 
trfry^education program at St. Cloud State College, Minnesota and were 
assigired randomly to one of three groups.' Gjroup 1 receiveci an instructor- 
developed comparative advaijpe organizer prior to instruction in the 
metric system.; 'group 2, an investigator-written historical account of 
the development of the metric system; and group 3, received no prior • 
Instruction and»w^s used for control purposes only. All participants 
within each group were subdivided according to ability and cognitive 
structure. The McF6e Metric Test, was used both as a pre- and posttest 
to measure the effectiveness of the advance organizer. The pretest was 
followed by the study of the experimental introductory passage^ (advance 
or^nizer), participation in learning activities, and immediate and 
delayed posttest ing. The analyses involved ^ 2 x 3 ANOVA and, when jF^<- 
jratio^were significant, bhe Schef f e *Test wad used. , 
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^The results indicated that (X) the comparative adyance organizer 
and historical introduction had significant effects on total gain scores, 
hut such effects were not found for th\ subtests; (2) highability ' 
students did better than lower a'bility st.udents on the total test and 
on the subtests'; (3) cognitive structure was not found to have a signif- 
icant, effect oh learning metric system concepts; and (4) scor^s-on the 
. delayed posttests Vere significantly higher for the experimental grcAips 
Oyer^the control,^ ' ' ' 

\ / ' i 

Together the studies that deal with advance organizers suggest that, 
appropriately developed and used, they are of value in enhancing achieve- ^ 
ment, particularly on a short-term basis, , ' ^ 

\ " ^ ■ - 

Miscellany / 

A number of. studies seemed to ^belong in the section, Instructional 
Methods , but they were almost impossible to pategorize. Consequently, 
they are tfeing reviewed under t^iis "catchall" heading, ' 

The first study is a review of research by Wilson and Koran (365) 
of mathemagenic behaviors, which are acbdvities that promote learning. 
Learners engage in these activities as tAey are confronted with "instruc- 
tional st^uli during instructioh/* A tc/tal of 57 references were r^viewQd 
and^ for-^urposes of discussion \jert deal/t with in three 'groups: trans- 
lation, segmentation, and proces^sing, yihe implications of mathemagenic 
research for science teaching are meritioned, in particular, that active ^ 
behavior on the part of tlie student in the leattiing process Is essential. 

The report, which is 21 pages in length, hardly does jtistice to the^ 
implications in 57 references, but it was included in this review because^ ^ 
of the possible usefulness of the list of references. ' " 

Ciesla (67) developed and evaluated a self-instructional envirprf- 
mental study learning guide for use at the Ball State University Wi^life 
PlJ^eserve in Muncie, Indiana. The chief purposes of the guide were^to 
assist the student in a study of the environment in a natural getting 
gnd to help familiarize future teache^^s with a method of outdoor education. 
Such aims could be implemented only *'by evaluating the materials before 
and after their use with stu^^eats, 

The first steps were to identify a number of appropriate environ- 
mental concepts and caj;egorize them on their applicability to the nature 
area under study. Behavioral objectives were then, written to match ^the 
concepts, ihe text of the ^learning guide was based on'these concepts 
and objectives, and was constructed using the programmed learning format. 
Using this text, the st^udent was guided along the trails at -the Wildlife 
Preserve and performed appropriate activities*., The subjects with whom 
the materials^ were used were^ four sections of students enrolled in a* ' , 

natural resourcra course and one sectionSdnrolled in an elementary 
education methods class who served as the experimental^ group , • Two addi- ,0^^ ^ 
tional sections of the natural resources class served as the control. 
Also four sections from both courses participated by using the guide^ and » 
filling out a questionnaire, but these students were not measured for 
cognitive gain* 
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P::e- and postt-ests were written, administered , and analysed for 
differences using the Jt-test^ In addftion, a post field trip question- 
naire was prepared and administered, The results of the analysis 
Indicated that three of the experimental groups had significant cognitl 
gains from pre- to posttest, whereas two of the g'xperimentki, and all 
of^th€ control groups, laired to show sigfiificant gains. Taken as an 
entire group, the experimental students did. gain significantly, Th^ 
responses to the questionnaire indicated that between 80 jerceat and 90 ' 
percent of the efxperimental students agreed that tHe trip was worthwhile, 
they learned new facts and concepts, and they would like to take elementary 
students on such a field trip, Apparently the goals of the study were 
mett* 1 

kllen (4) reported an investigation ip which he attempted to improve 
the ^economy and ef f iciency^in this letter sphere [lecture method as a 

eans of receiving and absorbing infoTmati9n] by means of modification 
of the visual presentation of the lecture," He attempted to compare the 
relative effectiveness of lectures that made use of- the blackboard, . 
overhead projector or two channel slide pr'esentation^ ]^ the latter 
itethi)d, two slide projectors are involved. ^ After a/slide is projected 



and (discussed, it is transferred to a Second proje 



?tor 



and displayed 



witH t^e n(?xt slide, When the third slide is displayed, the first is 
remc^ved, and the second is displayed with the third, and so on. 

The effectiveness of the two-channel projection was assessed by 
IS of -a questionnaire that^v;as dfeVeloped i^ndependently from the 
researcher. The students rated the use of ^ the blackboard, overhead 
projector, and two-chanhel si^ide projector,' The responses indicated 
thAt students, rated the two^hannel method is being more effective than 
the blackboard. T\\^re^oti was \nqre, oriented^ to a description of tech- 
niques rather than a research stijfdy designed to make a definitive' 
comparison. 



?ronk (106) sought to (1) determine t^e relationship betwee^n reading 
ability of students and. their success with , reading and listening modes. 
, of instruction; (2) find *the relationship between the mode of instruction 
a student uses and his^uccess with different typ^s of material; and 
(3) determine the' feasibility .of using a reading test to ^predict the^ « ^ 
proper instructional mode for individual * students ' studj^Jhg different 
types of material. . , . • 

The subjects were ^^^freshman and sophomore college* students, all 
members of three physical science classes *^for nbnscience majors who were 
split into tJiree groups - high, medium and low^ by. dividing the percen- 
tile range of the scbr^es they received on the California Reading Test . 
Each group was then divided randomly into two subgroups. All students 
used two mbdes of instruction, reading and' listening, involving printed 
material and cassettes. Two types of itistruictional material .were u«ed, r 
'presumably one with each subgroup of the three reading g^roups, (1) 
manipulative with material adapted from the ArT Moon, Planets and Star^ * 
designed for, college physical science, ^nd (2) nonmanipulati've,^onsisting 
of an edited article entitled, '^Tragedy of ' the Commons.*^ Mastery level 
of achievement was defined as a perfect scgre on criterion measure, and • 
the time fo» mastery was recorded*. - * ^ ' 
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The reSuitSi indicated that> significantly more time was required 
for mastery for reading than for listening in p^e manipulative unit. 
There were significant differences among the times for mastery for the 
three groups, the high group requiring the least time and the low'* group 
the most. With nonmanipulative materials, there was greater variation 
In times for mastery among the groups for reading than for listening 
although significant differences- were tiot found for treatments. Signif- 
icant effects were found among the reading groups similar to those found 
with manipulative materials. It was concluded that the California 
Reading Test can be used to predict the efficiency of different instruc- 
tional modes. ' ' , ^ • ^ 

, ^L^yenson an.d Brooks J[197) attempted to make within and between ^ 

comparisons of the ratings students giv^ to Stheir lecture and laboratory 
Instructors in introduclTory college chejuistryv. Their report involved 
corollary studies dt Texas A & M University and the University of " 
Nebraska, Llivcoln. In tw</ studies at Texas A & M about 200 students in ' 
three lecture sessions received three lecture sessions per week and v 
were subdivided into laboratory sections of about 25. ^A group of four 
to six sections had prelaboratory instruction in a lecture room under 
the supervision of a senior staff member who did not always lecture. 
Subsequently the sections, moved to laboratories with a graduate student 
Instructor who did not lecture.; At the University of Nebraska, 1?he ' 
activity was similar except the groups of 25 met'witfi the graduate studpnt 
laboratory instructor for pne hour prerecitation. The evaluat^Lon inst] 
ment asked students to indflcate the'most and least appreciated features 
of the teaching techniques in lectures anji laborator4.es, tfi the second 
study at Texas A & M, the students responded' to a Focus Questionnaire 
onj which they were expected to write detailed descriptions of all the 
activities of the lecturers and laboratory instructors during the period, 
* * 1 

The results o^ the responses of the students did not indicate t±kt 
there were significant distinctions on most liked activities of lecti/rers, 
b^t there were significant differences among least liked activities.] 
Oii>lTest liked features, all j instructors received abbut the same ratings. 
Significant differences were not found between the best Liked featuijes 
of lecturers and laboratory ! instructors but they were found between /the 
least liked features. The students seemed to be more criticcil of tReir 
lecturers than of their laboratory instructors. The report wpuld Viave 
been more useful if more cor^sequential implications had been made. / The 
study seemed to have, much potential for college teaching that coul^ have 
beart^xpl o i t ed . 

Sinc^ the studies in th^s section were "Miscellany , a synthesis 6f 
generalizations would be of j^ittle merit. * 



College Science Instruction 



\ 



Four studies appeared that dealt with^his topic without reffefence 
to specific approaches to teaching. .They were grouped here because they 
/were difficult to place in other categories. 



iV j 



128 



'4 t 

P^ge set out to develop a procedure t^pat provided knowledge 

abcut ,the j/tfect s^dents may have for or against\spects of teaching 
and Xearnli^ science as a basis for selecting teaching strategies directed 
toward the /achievement of goals in the 'affective domain. He indicated 
that /his specific problem-wSs twofold: 'to .(1) develop a procedure for 
identifying^ describing, and reporting observations on the degieee of 
pro-^tiess jr con-ness of affective antecedents seemed' to be important 
to scienc^ instruction, and (2) identify^ teaching strategies which take 
these antecedent conditions into account and which are directed toward 
science teaching outcomes in the affective domain, 

'v. ' ' 

Fotir steps were involved: CD developing a theoretical construct 

of affe'ct toward or against an object; (2) developing a theoretical ^ 
presentation of a proposed procedure for implementing the purposes; (3) 
implemfenfeing the procedure in a classroom situation ; and (4) evaluation 
/Of- th^ procedure. The subjecj:s were st.udents In Physics 110, the first 
year -4>hysics course at the University of British Columbia. The course ' 
ratidnaUe, final version o'f the course, and the techniques for evaluation 
were/ a joint effort of the -investigator and the instructor. The ultimate 
outdome was' to have studen"E&-.^;£edi§posed to physics as (1) being a power- 
ful/ vay to understand a wide xange of natural phenomena; (2) a basis for 
woping in science, technology*, and to some extient, in medicine; and (3) 
- Scientific enterprise with important implications for human welfare, 
irty-seven value scales were developed and applied to seven value ^ 
jects including people, events, beliefs, actions and arguments and 
ested on a sample of 200 students from 419. in Section I and 213 from . 
Section III. . ^ 

' ^ 

At this paipt, the study becomes somewhat, murk;?* without a clear 
indication of what the tangible results were. The entry in Dissertation 
Abstracts International was insufficient to clarify the outcome and a 
review of the Microfiche copy, failed to be of much help. 

Koran (179) reviewed and summarized the ^nature of. research in college 
science teaching as evidenced i-n abstracts of papers presented at the 
annual meetings of the National Association for Research in Science 
'Teaching and listed in {)ublications of the EFIC Informational Analysis 
Center, Ohio State University^^ for the years 1971-19'75, aS well as in 
other 6elected bibliographie's. 

4 

His sunnnary indicated that of 165 studies identified, and of 131 
reviewed for 1968 and 1969, only 41 were published, whereas 82 were' in 
dissertation form dnd 8 were in abstract. Of those he 'categorized as 
Descriptive, 34 were ±n the area of Curriculum; 21 in Teaching; and 24 
In Learning. Of those he categorized as Experimeatal and Comparative, 
40 were in the area of Curriculum;. 7 in JTeaching; and 6 in Learning. * • 
Informal examinations t)f bibliographies in la<£er years indicated .that 
the distributions were probably about the same. He indicated that 
completion of the dissertation was the zenith of the' research effort 
of many investigators! He claimed that CurHculiim studies dominate the 
fi^ld, wi^th little descriptive or experimental research and most of tFe 
papers-presented at meetings described materials development. ' 
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Grandits ai>.d Young (120) set out to ascertain if there are any 
particular ^nds among college non-science majors in the selection of' 
general sciijps^ courses based on the course titles. It was hypothesized 
that descriptive adjectives in the titles of 1:5purses for non-science 
'majors may attract or dieter enrollments. Fifteen adjectives- were taken 
"at large" from the catalog of the S^tate University of New Yotk at * 
Buffalo and were used as a basis for titles for hypothetical s*cience 
courses, f^^rexample, "Modem Science," "Fundamentals 'of Science," 
and the like, i From , these, cdmbinatiohs were made such as "Fundamentals^ 
of Modern Science." v 

A pilot study followed^ in which 123 titles were'devel'oped and tested 
for their appeal. If a title did not receive at least 20 percen^ 
I^ositive response from the pilot subjects, it was deleted. A total of 
33 titles rjemained, 5 containing the word^ "evolutionary," and 25 others 
that included a total of 11 adjectives, and 3 miscellaneous. The final 
list was tested with 211 students infive sections of "Contemporary Topics 
In Science" and '^Life in Get)logic Times," from yhom 160 usable responses 
were obtained. They were asked to rate the titles as (1) turns me on; 
(2) indifferent; or (3)* turns me off. 

Of the respondents, 46 perecnt were freshmen, 73 percent had taken 
at least three science courses in high school and 58 percent had checked 
the college catalogue before enrolling. ,The data showed a trend to pick 
course titles wit^h specific adjectives, such as "Evolutionary Science" 
and* "Modem Ideas in Science.". They seemed to choose courses that sounded 
relevant. Low scores were received on titles' such*as "Processes of* 
Science" and "Methods of Modem Science." Also, stt^dents seemed attracted 
to titles that suggest "sampling of today's science."' But, it was found 
that students generally enrolled in courses if recommende'd by a friend, 
if' the courses fit into their schedules, or seemed pertinent to theit 
. general interest. ^ ' 

Anderson (10) and others, under the auspices oi^^ American' Educa- 
tional Research Association Task Force on Training Educational Reseaych 
and Research-Related Personnel, conducted an analy,s'is, of the tasks knd 
competencies of personnel engaged in research and research-related . 
activities in education. In order to implement the change, a review was 
made of educational reseajrch literature concerning the training of 
educational research personnel. The studies were judged for methodolo- , 
gical adequ^ and the findings judged to be-adequate were synthesized. 
The study was comprehensive but the implications for science education 
were abstracted. * , 

It was recommended that, with' chajjges occurring in job qualiMcations 
because of changes in science education, the appropriate focuses of 
doctoral programs in science education need to be identified and programs, 
built on these areas. Three areas of such emphasis were identified, (1) 
research and evaluation; (2) developments . and X3) instructional leadership. 
A refinement of exiating polipies was recommended including a more 
^ careful, s'electidn of students and more cooperative arrangements with 
public schools. 



It was difficult »to suggest .that anything new emerged, from tl^ 
study. ^Iso, the reviewer wonders what happened to the growing need fo^ ^ 
science educators to understand energy and materials management. 

^ The studies* in' this section were too ,few*and too diverse to synthe- 
size any generalizations. 

c » * * 

Enriqii ment^ctivitie"^ v ' * ^ 

. Seven studies were found that are best categorized as enrichment. 
In one of two studies aimed at the elememtary school level, Lucas (203) 
Investigated the* effect^ ^that participation in a single visitation program 
in meteorology at Femb^hk Science Center had on the student's scientific 
atti^tudes. Seven bther factors related to attitude were also ^cdnsidered: 
(1) ^scholastic aptitude; (2) science achievement; (3) attitude toward, 
or about learning- about science; (4) attitude toward or about the Fembank' 
Science Center; (5) attitude toward or about meteorology; (6) meteorology 
achievement; and (7) te'acher 's attitude toward or about science and 
science teaching. ' - ' 

The subjects consisted of eight teachers and 493 sixth graders • 
selected f^rom DeKaltu County elementary schools that were departmentalized 
at this level. Each teacher had a randomly selected experimental class 
and control class. The design involved pj;etesting, posttesting, and 
post-post testing during whicl^ three testa^were adhinistened; the Scien- 
tific Attitude Survey developed by Moore, and two tests developed 
specially for the purposes of this study. Meteorology achievement of 
the students was assessed by UTiat Do You Know XbouC Cyclones ? 'and their 
attitudes toward or about learning about science, the Fembank Spienc6 
.Center, and meteorology were assessed with the Inventory of Attitudes . 
The scores obtained from^the tests were anlalyzed using 'the stepwise 
regression technique ana product-moment coefficients of correlation. 

The x^s\i\t^ ol^^^\^B.l^sQ,s indidated that significant differences^ 
were found between g^ins from pre- to posttesting on the Scientific 
Attitude Invenfeory a>^^eo.tly ,in fayor of the experimental group, but, *1 
significant differences were^ not found between gains from' pre- or 
posttest.to post-posttest . It was found that scholastic aptitude, 
science achievement, attitude toward the Center and toward science were ^ 
all positively and significantly related to the pre-, post, and post- 
posttest scores on the Sci^tific Attitude Inventorv , With, the control 
students the only significant rjslationship was between the gain from 
ppst- to post-posttest and student attitude toward the Center • 

* It was concluded that the single visit concept in^^prograimning at 
Fembank Science Center does produce significant- positive results. 

Zehr (376) set out to compile a reliable and up-to-date descriptive 
list of quality books of non-%fiction and fictioJi wlrich could be us6d to 
enrich' units .'in elementary sdlbol science. To acccJmplish his purpose, 
he classified books according to the Dewey Decimal^System including 
those in the "pure sciences" with subcategories ^uch as 530-Physics 



• _ 131 

although he did not consider those, in SlO-Mathematics, Where it seemed 
apptopriate, those under 600-Technology were included • The subheadings 
basically , followed the classification system used in Sear*s List of 
Subject Headinp.s; Tenth Editio n. 

> - • * . ; ' 

Two or more favorable reviews ^^e used for refining th§ original 
list of r&ll. Reading difficulty was judgecl by comparing relrding levels - 
indicated by reviewers in ^t lea^t two reviews • Where differences occurred 
In the indications of reading difficulty, the lower reading level was 
assigned. ' , 

The end product, entitled Descriptive List of Quality Books for 
Science , consisted of 531 books classified under 173 topical headings. 
A descriptive cdmment ^was included for each entry, an example being as 
follows:. ^ ^ o ^ ^ _ • 

Pr ingle, Laurence, One Earth, Many PeojU-e: The Challenge 
of Human Population Growth , Macmillan, 1971^ Gr. 5-8. This 
book discusses the effects of expdRding population and points 
oujt various scientists' proposals for dealing .with growth 
problems. 

The reviewer questions the rationale for this effort with the 
existence of the quarterly publication of AAAS-entitled Science Books 
and Films that accomplishes the same thing and more. Also, research 
indicates that reviewers are notoriously unreliable in their judgments . 
•of reading difficulty of material if they make them intuitively and 
*there is no indication of how the judgments were made. " It seems partic- 
ularly unwise, if judgments differ about reading level, to assign the 
lower value. It v^ould seem to be*, safer to assign the higher^ 

♦ ' McNamara and Fowler (219) investigated ^the difference in Iq^aming 
of eighth and ninth grade earthy science students, one-half of wfiom 
experienced, laboratory investigations in an indoor environment using pre- 
packaged materials, and the other half in the outdoor environment using 
available natural resources. The study attempted to discover if there 
were significant differences in achievement, critical, thinking, and 
preference between the groups on the basis of the different experiences. 

\ 

The subjects were 13 grout>s of hinth graders and two groups of 
accelerated eighth graders,, averaging 25 students, enrolled in East Ridge 
Junior High School, Ridgefield, Connecticut. They were assigned> to five 
significantly different group levels based-on IQ as measured by hsi^\ 
LorRe-Thorndike Intelligence Quotient Test , with two groups at eachSgfoup' • 
level. The teachers were randomly assigned to the groups. All subjects 
were pretested in September, 1970, with the ESCP Achievement Test - Unit 
One ; the Cornell Critic-al Thinking Test ; and McNamara 'Indoor-Outdoor ^ 
Preference Appraisal . The instructional materials that followed were in *^ 
the ESCP textbook. Unit One, with one group having indoor laboratory 
and the other outdoor. The McNamara Concents- Test 1 was used at the en(J\^ 
of the first >three chtipters, and the McNamara Concepts Test 2 , at the end 
of , the sixth, chapter. 
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The scores on Test 1 failed to indicate significant differences 
'between the indoor and outdoor groups, but the outdoor method seemed 
to contribute to significantly greater achievement on the Cornell Critical - 
Thinking Test and also to significantly greater gain scores on the McNamara 
Indoor-Ou^oor Preference Approach . It was stated^ that significantly 
higher sc^es were not found for the outdoor group in terms of achieve^ 
-ment on the concepts taken as a group, but they were found for^five p 
individual ^oncepts? 

^ \ ' ' ' 

Parish (258) investigated how a thre'e-day resident field experience 

at Saivdy Hook, New Jersey, as part of an introductory oc^anograplw course 
at Jersey ^City Statfe College'^ related to oceanography content kno"wdedge 
achievement, attitude toward scientific research, and science procJfess 
skill development of ^tudent^. More than one day of the three-day ^experi- 
ence was spent living at the site, ' / • 

Ninety-one students finally participated from a group of* 105 
volunteers, 31 of whom had been randor^Ly assigned to a field study group, • 
31 to a classroom simulation group, and 25 to a control group. The field 
study group was arbitrarily divided into work teams of three students 
that carried out a fluorescent racer experiment to study sediment move- 
ment by beach drift mechanisms along the beach foreshoife. The students 
were asked to record basic coastal geological factors >and wave* conditions 
to^ improve their obiservation and measurement skills. On the morning 
of the third day each student was required to complete a pre- and post- 
test' of scientific attitude, content knowledge achievement, and a ^ 
post-test of Science Process Skill Development /! ' . * 

The classroom simulation group was presented a simulated field study 
using audio visual materials, and the control group received no treatment • 
However, the subjects in these groups were required to complete the 
evaluative instruments, both pre- and post-test.- The scores^ of all groups 
were compared using ANOVA -to test for significant differences. The analyr 
ses failed to indicate significant^ differences' among the scores for 
achievement or process skills for the three .groups. However, significant 
differences were found among the attitude scores, with the field study 
group being superior to the. control group. 

tiickman (140) examined the extent to which field trips were used 
by science teachers in Oklahoma high schools ^credited by the North 
Central Association, ^'A questionnaire was constructed, testjed,* revised 
and mailed to 543 Oklahoma science teachers, with 202 usable ^returns. 

The responses indicated that (1) most tf 'the science teachers 
learned to use the field trip throHjgh experience; (2) factors such as"N, 
places to go and acceptable student behavior* encouraged the use of t'rips^ 
whereas lack of transportation, funds and time, and student misbehavior ] 
'discouraged the use; (3), about half ' of the schools discouraged field 
trips during school hours; (4) the competency of science teachers to 
use field trips effectively was evidenced^ by their maintaining files, 
preparing the students, having **Rules of the Road," conducting the tours, 
evaluating the trips and the students, and using follow-up activities; ^ 
and (5) increased interest in class discussions and daily work was cited 
as concrete evidence that tield trips were worthwhile. 
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^ Ridky (286) emplbyed a. pretest-posttest control grojap design to 
establish the existence of a mystique effect in using a planetarium 
in science teachinjg arid to determine if an, orientation session prior to 
instruction was efifective in minimizing t^e effect. The study was moti-:* 
vated by claims tblat the use of the plaprfetarium has been based on the 
achievement^^ cohtent objectives witJr little understanding of the 
management bf^Dlanetarium facility, hence, a "mystique effect." 

The subjectfi\ere two section (n=52) of eighth graders from >ine 
Grove Middle Sch'ool^sEast Syracuse-Minoa, New York who were randomly • 
assigned to one /of twdyteams and them to one of two classes. The inve'sti- 
gation involved/ the useV^f a Nova ^anetarium with a 16-foot Jdiameter 
dome. One groi^^p receive3^an orientation sessions describing "the purpose 
of the domed ceiling, function of fhe red lighting system, and components 
of the projection system. On the next day, feoth groups received a 
planetarium e:«/perience dealing with diurnal motion. Both groups were 
pre- and post^ested with a 20-itam multiple-choice test, r^erred to as 
the Daily Mot/Lon Concept Test , consisting of items taken from the 
Teacher *s Gul/de for Investigating the Earth . The gain scores were 
analyzed usi^g t^-tests. ~ ^ 

/ , * . 

The results showed significantly greate^ gains in favor of the group 
receiving ttie orientation session. It was concluded that the claims 
for the "mystique effect" were .supported, but that the effect could be 
controlled /using an orientation seasioh. 
/ ^ . • * . ' 

Dick^son (85) undertook a study to (1) assess the activities of the 
Public Affairs Office, Education Programs Branch, Marshall Space Flight 
* Center, Mntsville, Alabama, to* determine potentials for curricula 
enrichment; and (2) develop a me^thod to ensure that technological infor- 
mation developed in the Nation/l Aeronautics and Spacer-Administration 
(NASA) program was translated 4nto forms suitable for edui:ational use 
and disafeminated effectively and economically thrciugjj^ durational channels 
The study was limited to the conduct of local, state, and/regional 
aspects/ of NASA educational programs in all NASA eiment^. The data 
were gathered 'primarily by the observations of the 
of participants in the educational programs.. 



sea/rcher and those 



le findings and conclusions that emerged from fihe data were that (1) 
the reorganization of the four Sirancjies of the Publiffl Affairs Office into 
vtwo would result in more effective planning and use -bl budget and more 
efficient use of personnel; (2) the combining of ali %ucationally - 
oriented offices at Marshall Space and Flight Cent'et wLild be desirable; 
(3) there needed to be greater use of educational t4le^|sion; (4) 
addi/tional spacemobile "lecturers nee^ded to be ehipldyed;^ and (5) more 
travel funds are needed for Public Af fairs-Educlatiin so that^he Chief 
and/ his staff can attend more relevant meeting^, with changes in the 
Administration at the Fe^deral level, the study /may be only of historical 
interest/ I- 



/ In summary, the studies In ^his section gienerally support the use 
of enrichment activiti/es for enhancing various' t^pes of science objectives 
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However, it is obyious thdt the conditions under which they are effective 
differ greatly and that the use of enrichment activities must be "tailo 
to the. situation," a statement that is oot particularl>|||||ipful. 



rec 
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Television and Films . ' * 

At one time, a survey of the science education research for a yeaj 
would unearth numerous stndies dealing with the use of films, radio, 
television. The search for 1975 revealed foUr studies, two each in i 
areas of television and of films. * 

Grossman (127) reported a study, best described as developments 
that appraised the development and production of a children's television! 
program on gciencer,' designed for viewing at home. Specifically, itJ dealt 
with the activities that led to the' broadcasting iij^January, 1974, /of \ 
Waves , the pilot for proposed 13-program series, with a target ^udiencd 
of about 100,000 children, over WCVB-TV, Boston. The collaborators were \ 
professionals from the station and educators from the Harvard ^Gr^uate \ 
School of Education who wished to create an innovative alternatiye to th6\ 
"show and tell" format of traditional television science. 



The d4yelot)ment involved (1) the need to look science as a concep- 
tual discipline; (2) the recognition that manipuLative materials enhance 
children's understanding of science; *(3) the use of visual power of tele- 
vision to enhance conceptual .learning; and (4) the use of "creative 
interaction" to invite the/^ viewer to participate intellectually. Using 
these as«^riteria, ^themes were developed, conceptual implications of the 
themes were identified, ideas' were contributed to illustrat^ related 
phenomena, and appropriate activities were .proposed ttelng simple materiajs 
Six workshops were then held during which thef use of children on th^ pro- 
grams was debated, and 'as a resuj^T Vaves was selected for/ the pilot. The 
usual procedures for developing, educational television programs wer.e^ then 
followed. ' , * 



The report emphasized the need for intermediaries who see both the 
educators' and broadcasters* viewpoints, and indicated t/hat the costs of 
. a science series are high compared' with those of typical locally produced 
^ programs. As one who has worked with locally produced /tV science programs' 
for many years, the reviewer Qan oniy asl^, **So what is/ new?" 

A y ^ • 

In another study concerning educational television, Kohlmeyer (177) 
tested two selected procedures for individualizing instructional tele- 
vision^ oand solight to ascertain the'^ relationship between self-^concept 
and learning as demonstrated by gains on a science t/est. The subjects 
• were 203 students^ in .grades four through six enrolled in a summer session 

of a Title I school and who hac^ been identified as /being below grdde level 
^achievement and able to benefit frop a remedial instruction program. The 
Intact grbups'w^re assigned to three treatment grQ/uRS,yall of which viewed 
,a 20-minute television science lesson designed td/ teach the scientific 
method and its- application in problem situations.! 
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\The control group (Cell A) had the open circuit television and pre- 
esson and postlesson reinforcement activities presented , by .the classroom 
eacher; Cell B had open circuit tele^dsion lesson and Individualized' 
earning Packets (ILPS) for the reinforcement of prelesson and postlesson 
ctivities; and Cell C viewed the lesson individually on vid^eocassette 
ape and had ILPS for , prelesson and postlesson activities. All subjects^ 
were administered field-tested pre- and posttests to establish gain 
spores, and two self concepts instruments developed by the Instructional 
Objectives Exchange. ^ 

An analysis of the test 'results did not indicate, significant differ- 
ences among the gain scores of subjects in the three dells although both 
groups that had experienced open circuit television did 3core higher on 
the posttest. Also, there appeared to be a "tenable relationship between 
positive self-concept and learning*, particularly with respect to need to 
accommodate; courage tj£> express .opinions; willingness to participate; and 
the association between self and peer, family, scholastic, and "general ^ 
aspects-." 

The two studies, indicated, but not conclusively, that educational 
'television has the potential for positively enhancing the objettiv^ of 
^ science* instruction. 

i 

Allen (5) attempted to determine whether or not viewing a silent, 
single concept supper [sic]. 8mm film' would affect the response of 
elementary science school children to a set of questions related to the 
film. The experimental film depicts a simplified biologj^cal . food chain 
and includes the predatory acts involved in the chain/ The food chain 
shown ^.n the experimental , film had four steps: (1) producer (grass); • 
(2) primary consumer (grasshopper); (3) secondary consumer (pheasant).; 
and (4) tertiary consumer (man,* hawk). Another film showing the same 
organisms was produced but feeding and predatory- afcts were replaced with 
nonpredatory' activities. 

The subjects were 27 students at the second, fourth^ sixth and> 
eighth grade levels who were randomly assigned to- groups that saw the 
predatory film, nonpredatory film and no film (control)*.' They were all 
administered a six-part pre- and posttest that was used a? a measure of 
understanding the concept of the food chain. The. contents of th6 test 
are not clearly evident. 

On the basis of pre- and posttest differences, using the F-test, 
the "predator3r group" performed significantly better on the fac^tual 
section than did the other two groups;' at the fourth grade level the 
"non-predatoty group" performed better than the control group. Also, 
significant relationships were found between variables such as jjjL 
pet experience, farm experience, and father's occupational 'status^and • 
pretest and posttest scpres. . Specifically,^ males. *genei:ally outperformed 
females, and those with pet experience generally outpWforraed -those with- 
out. .In general, however, significant relationships bietwecfi independent 
and, dependent variables were not found to exist. \y 
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Webb (355) attempted to evaluate the extent to which\^tudents can 
,leam from film and^to show some ways in which the learning process cfein 
be iiupr^/J^d. The film used was' Amphioxus with a running time of .about 
33 minutes covering about **two to three one-Kour lectures" of informa- 
tion. Th^ subjects of the study in Group I were second and third year 
^undergraduates; those in Group II, last year undergraduates; and those 
in Group III, in school equivalent to high school. A test was constructed 
cpnsisting of 20 groups of. four statements, two of which were correct. 
JtSediately before viewing the film, about half the students in^ each group^ 
were pretested. Two' methods of scoring were used, (L) 40 , correct, minus 
incorrectly filled or unfilled boxes that sTiould have been filled, and ^ 
(2) nbmber of "correct answers having true statements" expressed as - 
"twice the number of boTxes.." Apparently before viewing, with method (1) 
of scoring, the three groups scored in a ratio of 3:2:1 ^ith Group I*^ 
scoring significantly better, but with ^method (2)', the difference between 
Groups I and II was maintained, but the scote of Group III was about equal 
to that of Group I. ' 

The film was then shown to all sybjects and they were tested imme- m 
diately, one week later, and again three months later. Immediately ;after 
viewing, pretested Group lA scbred significantly better, although the 
difference declined on later scores. The, advantage of pretesting 
disappeared with method (2) of marking. The same was generally truei for 
the other pretested groups. ' , . \ 

<r ' ^ ' ' \ 

It was concluded^that with pretesting there is about 20 percent \ 
improvement; whdn t^s^d immediately after viewing the film.' With both 
pretesting and s^lf-marking, a 50 percent improvement was evident. After 
three months, the differences had" declined consequentially. v 

the two studies on films failed to^ontribute consequential informa- 
tion ahd with the two* studies on educational television^ a Synthesis of 
generalizations would ^e of little value. 



Co mputter* Assiste d Instruction 



•Despite the recent interest expressed in Computer-Ass i*^led Instruc- 
tion' (CAl).only one investigation-, that of Jones (161), deali: with the 
subject. His study described »a computer-assisted testings program called"* 
LEVEL 3 and a study of its use in the School of Basic Medical Sciences 
at Urbana-Champaign (SBMS-US). The structure of LEVEL 3 emphasizes' an 
Interactive review of missed questions |in tfl%) course of 'an examination. 
At the end of each clinical problem the| student is given a comprehensive 
objective examination. , An effort was^riade.to reduce the number of items 
(the examination for some had as many is 300) and to give the student some 
tutoring depending on the responses made. However, the tutoring was mini- 
mal since it was oriented, toward coaching the ^udent to slicit the correct 
answer rather than to develop understanding. 1^ the student gave an 
Incorrect response, he was "recycled." 

The subjects, were 32 students in the 1972-73 class of SBMS-UC who 

Sere "divided into two equivalent groups," an experimental (N=21) and a 
ontrol (N=ll), and compared on three variably, (1) performance on the 
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Level iri examinations administered by the LEVEL % program; (2) perfor- 
mance on two external, year-end examinations testing similar concepts - 
and materials; and (3) mastery of items repeated in a number of Level 
III examinations. The experimental group received LEVEL '3, whereas the . 
control received the traditional evaluation. 

The program lasted ten months, covering ten basic science disci- 
I>llnes iriclading anatomy biochemistry, genetics, histology, immunology, 
microbiology, neyrosciences , pathology, pharmacology, and physiology, all 
involving the self-study approach, * • 

An analysis of the scores from the evaluations failed to indicate 
significant differences between the two groups on Level III examinations 
given early in the year, but the computer-assisted group performed signi- 
ficantly higher than the control group on , examinations given late in the 
year, -inie lattet included five of seven disciplines on the National 
Boards Part I examination, and on every discipline of the* Freshman 
Comprehensive Examination. However, significant differences were not 
found between the two groups on their mastery of repeated items. 

Jn conclusion, this study indicated that CM can contribute to incre- 
ments of ^.achievement. ^ ^ 



Stu dent* Teacher Interaction * * 

The phenomenon of" student-teacher interaction has attracted the* * 
attention of^^ny science educators in recent years. This is evidenced 
by the twelve studies available for review in this section. Obviously, 
the characteristics and purposes of the inJ:eractions differ greatly, as 
do the level of student^s involved. However, the general aims are* 
•similarly oriented sg a discrete section dealing with these~ studies -^seems 
reasonable^. 

Two of the 'studies were yevievs of research. Stewart (324) 
attempted to investigate the relations between^ specif ic forms of class- 
room verbal behavior and affective/, as well as cognitive, process 
development* The data were those obtained from six investigations, those 
of Campbell, Amidon and Flanders, /Rothkopf,* Haindl, Citron and Norton, 
much of which was not used by the^ in their analyses. These data included' 
proportion of class talk devoted ^to teacher questipns, frequency of trans- 
ition from lecture to teacher questions, anA that between unsolicited 
stucjent talk (student- initiated talk) and teacher questions and lectures. . 
These were compared with affective and cognitive development. 

/ ^ • ' 

A review and rean^lysis of/ the findings of these studies showed that 

one study ihdicated that classe/s taughjt by teachers who devote a low prq- 

portion of classroom^ time to lecture will have- low mean gains in- affective 

process development and two studies indicated that such ^classes will also 

have low meian gains in cogniti/ve' process development » In the four studies 

o.f the latter that did not so / indicate^ the teachers had been instructed 

In the Flanders system and we^re reported to have madei^onscious efforts 

to alter their classroom bch^jyior patterns. It was also observed in two 

..p... „........„ .„ „ .4.. 
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iteasures^ of cognitive process development and proportion of talk classi- 
fied ars teacher questions. However, data from two other studies failed 
tg show such relationships: In one *set of data, a significant negative 
correlation was found between the time devoted to lectures and that 
recorded asf transitions from lecture to teacher, questions. It was con- 
cluded that a balance between the use of lecture and that of questions 
would enhance affectiye and cognitive process development. 

Greenwood and Renner* (124) revTewed, synthesized and summarized the 
findings and conclusions of 33 research studies that dealt with the ques- 
tion, "What conclusiqns can be drawn from validity research on' student 
ratings?" Some of the studies Healt directly with science whereas others 
did not, although they liad implications fo)r college science teaching. 

t 

They concluded from their synthesis that a college instructor can: - 
intentionally adapt his teaching technique and classroom interaction so 
as to^g^t a good or bad student evaluation and consequently teaching for 
a "good student-faculty Evaluation" may not be the best educat^ibnal 
practice. ^ ^ 

Evaluations by students relieve administrative personnel from mclking 
evaluations and so the student evaluations may be used as proof that some 
thing good is being done when IX;^ is not. The reliability of evaluations 
has been reported in a number of studies a5 being high, but agreement on 
appropriate validity criterion measures still needs to, be accomplished. 
In fact, some studies report negative coefficients/of valijiity between 
studen-t ratings and student achi-evement . ' 

'•There is no substantial evidence that s'tudents or administrators are 
satisfied with' the results of fatculty evaluation 'by students possibly 
because judgments 'cannot be made, as yet, on the validity or invalidity 
of such ratings. . * ' * . 

^erman (306) described a study related to on-task and off-task 
behavior of four students in a tenth grade science laboratory classroom, 
for a single period for four successive days during -which t'here was low 
teacher control. Particular attention .was giverjt to their use of mater- 
ials and science process skills. The* four subjects ^were selected f-rom • 
a New York City High ^School on the basis of^ their regular attendance and 
willingness to participate. 

Each subject was. vid6otape8 during the four^day sequence with a 
camera located at the rear of the classroom and each wore a lightweight 
wireless* m;Lcrophone for monitoring verbal behavior'. The 3tudy used* the 
theoretical construct in Barker's ecological psychology that -^suggests 
a useful way of observing an individual over time interacting with 
objects, with other people and with symbols in a setting. The setting * 
yariab'les selected, for desci^ibing student behavior in a tenth grade , class 
room were pacing, group size, teacher location, and materials available. 
The behavior variables included material use, discourse, science process 
skills, movement and on task/off task. The videotapes were coded for 
each category every 30 seconds, and frequency counts and percentages were 
calculated for each. 
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The results indicated that (1) most of the time students were 
engaged in on~task behavior w^tK or v^hout the immediate presence of ^ » 
the teachers; (/z) they often selected^^ncrete -materials ; (3) they 
generally talked with peers rather tha/ with the teacher; (4) most 
of the talk was related to science work; (5) they used descriptive 
and/or exploratory experimental science process skills; C6) they talked 
nearly 7 percent of the time; (7) they began and ended their own' science • 
work; (8) they integrated their social and science task work; .and (9) 
equipment intervention was almost nil. v * 

Three of the subjects in the* low teacher controlled 'situation showed 

a high level of on-task behavior, whereas one "goofecJ of f "^he reviewer 

wonders, knowing that the students were aw^re of their "star rible," 

whether their behavior might not have been influenced* 

♦ 

Bates (26)^ listed two objectives for his?, study, (1) an effort to 
predict measures t>f classroom^cliraate from teachers, students, and the 
organization of the class, and (2) -the identification of a general 
conceptual model for describing the sociopsychological domain of class- 
rooms. • 

The study is based on the national radom sample of 52 physics 
teachers in 101 classes with 2,393 students used x% the siAranative 
evaluation o||^arvard Project Physics. Data were cpllected on a large 
number of characteristics of ^leachers, studjents and classes. One 
criterion instrument use^ was the Learning Environment Inventory that 
has 14 properties of the classroom that reflect inten^^sonal relation- 
ships among students and between students and^ teachers ,\reiaLtionships 
between materials and students, structural characteristics of "the class, 
and* social climate and learning. Other data were gathered with the 
Semantic Dif ferentf^al Academic Interest Measure , Pupil Activity Inventory , 
Student Questionnaite , Henmon-Nelson Test of Mental Abilities , and Allporc- 
Vernon-Lindzey St^dy of Values . These were factor analyzed and produced 
four sets of orthogonal measui>es: , (1) Teacher Personality Set; (2) 
Student Pe^rsonality Set; (3) Classroom Characteristics Sefe; and (4) 
Learning Environrr^ent Set; Th^ final regression' analysis was not found, to 
be as encompassing a model for understanding the relationships ^among the 
numerous variables involved as the factor analytic study of the 41 varia- 
bles. .From the analysis a three-dimensional Class Factor Space model 
was pMposed (1)" U-D^* ("upward-downward") dimension representing the speedy, 
difficulty and pressure perceived by the students ;^ (2) P-N ("positive- 
negative") dimension .representing the perceived friendliness and intimacy 
of the class; and (3) F-R ("forward-backward") dimension representing the 
pferceive4 goal direction or disorganization ^f the class. 

Certainly the effort represents a basic step for predicting learning 
environments but much will need to be done to make it possible for those 
"on the filing line" t/o use the findings to enhance science teaching. 

Philp. -(265) attempted to investigate t^e relationships among the* 
kinetic structures of a number of verbal interaction sequences in the - 
classroom and student perceptions of the teacher, discussion and learning 
material. The interaction sequences :^nvestigated were total continuous, 
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teacher-tBacher selective continuous, teachjer-student pair, and student- 
teacher pair analyses . ' ^ . . * . - 

The study involved the investigators conducting one biology lesson - 
in each of 15 high school classrooms and the coding 'of each lesson' for 
the interaction sequences listed above. The mean coefficient? i# 
Anderson's system, which gives a gross measure of content structure 
'Vithin explicit verbal communication, " wa? determined after the codings 
were made. The analyses of the fipcsl/^two interaction sequences were deter- 
mined from statements taken as a continuofus^ sequence, whereas those for\the 
latter two inter.action sequencers "were treated pair by pair in consecutive 
order." The kinetic structure levels of these variables were varied by 
the researcher and used to investigate the relationships mentioned above. 
Perceptions as dependent variables, as well as measures of evaluative, 
potency and activdTty factors, were assessed by a semantic differential 
test devised for this study. * '\ 

\ - • ' 

Th^ interpretations of the findings 'Vere that teachers conti^kut^ 
greatly to students' perceptions, of the learning .materials in tei^r of 
the kinetic ^^ructure of tftieir ve^al dialogue. The v'students of teachers 
with higher levels of teacher-teacher kinetic structure seem, to believfe 
that the learning materials are better organized interconnected -and mare 
natural. Thus, the higher level the kin%£ic structure of the verbal ' 
contributions from both teachers and students, the greater the 'satisfac- 
tion of student^ with the content. ' i 
\ ^ " r-, - , ' T 

In smmary, tt^study^^ndicates that a teacher who has knowledge of 
TOctent and presents, i^- in a jratipnal, CQnnected sequence^, will do a 
becter ^ob'than a teacher whoghas less command of content and who is not^ » 
organized. - f ' , ^ J \ 
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Vinell^P^|8) inves'tlgated, thfe effects of two* teaching strategies. 
Student- Struc^Pffal Learni^ in Science^ (5SLS) and a modified ^eacher- 
Structura], Learning in Sx:ienc^ (m'^SLSX'^^n^achi^vement-motivation, ^ 
aff iliation-mo^^ation, and *critic^r't|hirik|^ ability of a^group of 
ninth, tenth a^jF^ eleventh graders e;iroiled ip a special science course 
in the Developmental Research School^, fl^rida ^StatTe University 'during 
the first semester, 1974-75. . He «also investj[j^ated .the Veiationsjijps 
pf these three variables to the Activity ^Ratios , a me|[sure of the 
relative amount of time a student §!^endSJ^ing lesson-»related a'ctivities • 

In both treatments, students could chodq^ science 'Activities in 
biology, chemistry and/or physics, but Ml^^he mTSLS. strategy he/she 
was given the objectives of that activitr^Tth specific inlstruptl^^ 
to follow, and hisVher performance was measured with writtetTliests • * 
Under SSLS, a student, after /electing a^ activity, waSjieither given 
objectives or instructions tp tblldw, nor was heVshe tested. The " • 
students were pre- and post/ested with the Motivational Needs Iiwefttory 
(MNI) and the Watson-Glase/ Critical Thinking Appraisal: Forms *Ym and . 
2m . .On the basis of the pretest scores the sti^dents were blocked in 
tv70 different. Tevels-above' and below the'median. The data .were analyzed 
with ANOVA and Correlation with* Transgeneration.^ c . !a 



loweyer , signifl- 
^hievement- 
iir female counter- 
lole simpl^^etfween 



The result* failed to indicate s:^^nif icant^ dif fefeiices b'etween the 
two treatment groups with respec^f to students* ^chieven^nt-motivation, 
affiliation-motivation, or critical thinking, abijLity'. 
cant increases were found fgr males with initial 
motivation to high level of motivation, but not for thjs 

parts. Significant relationships were found for the 

Activity Ratios and ^eed-ach^.evement posttest scores, /and for students 
with Activity Ratios above the median, between tile Activity Ratio^ and ' 
the critical thinking pre- and posttest scores. The /latter finding^ seem 
.to suggest the necessity of providing students with materials that will 
allow thos^ with high achievement-motivation and criiical thinking ability 
to work with such materials more extensively than ot/her kinds of students 
less in need of working with the same materials at fhe same rate, 



Landers^82) conducted a comprehensive evaludltion of the Guided 
Design modc/of instruction developed by Wales and Stagner. In Guided 
Design, smidents work in groups of four to seven mthout direct faculty 
supervision under a^project leader'^ selected by the group members. The 
student project leader "guides" the group through/steps in the decision- 
malcing process using instructional\ information provided in a series of 
"instructions" and "feedbacks." Tl\e work a student performs is integrated 
by the nature of the open^nded problen} serving ps the basis of the 
assigned prdject. 



In this study, the subjects were three consecutive classes of 
engineering technology students at Cleveland Stfate University, all 
having the same course, instructional materials, facili^ties and* , 
instructor.^ The first class had conventional fl.nstructl^pnal techniques; 
thelsecond used Guided Design; and the third a^odified Guided Design 
including modifications to the instruction tt)/detsermine if such m^>4ifi" 
cations resulted in '"selected improvements in/ the measured results /'V 
The usual tests wer^given at "^midquarter and /end-of-quarter ; five 
projects were assigned to measure job-perf ortiance skill acihievement ; 
and a four-concept (Activity, evaluative, patency, and novelty) Sem^t^c 
Differential type instrument consisting ^f il •bipolar adjective factors 
was administered at the end to measure studJent attitude^ toward the 
course. 

An analysis of tl)0 results fa4.ied to fehow significant differences 
between the conventional and Guided DesigriLcl on cognitive achieve- 

jment and job .performance skilly. Howeverv, Significant differences were 
found betweert th'e conventional and secong Guided Design class in the 
evaluative and potency concepts of the' Sjfemantic Differential, with the 
factoi% treated collectively and in mor^ than two-thirds o^ the concept,^ 
factars treated individually. Significant dif f erences^were not found 
between the attitudes of the conventional and Guided Design groups, 
althougj^ Slight differences appeared irfjEavor of the Guided Design group. 
However, a, number of significant differences in concept factors were 
found between the first and second Guiided Design groups, apparently in 
favor*of the modified Guided Design group. ' • . 

f 

the author implies that Guided^l/esign, with and without modification, 
has substantial merit. 



/ 
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* Houston (148) dealt "with one aspect of the^ methodological contrast 
'-/iJfetween open-ended discovery teaching and . the direct instructional 
^ sequence usre^d by the expository teacher; n^'iaely, the prevailing style 
of verbal interaction 'between teacher and students." Using the inter- 
action analysis* techniques of Flanders, the investigator identified 
teachers of three styles-ropenended, intermediate, and expository 
Apparently, the identification was accomplished using an I/D ratio 
(I meaning indirect teacher influence, and D, direct). The indirect 
teacher asks many openended questions to stimulate students to think ^' 
whejreas the expository teachej/ is primarily a lecturer who |fees»closed 

ide^ 

I/D ^f .82 and the lowest, .27 



questions. , Six visits of 80 'minutes each were made to ijyc teachers , two 
representing each%Qf the three styles. The most^penende^ teacher had an 



Objective tests were administered to their students with items based 
on the physics syllabus that leads to the Scottish Celrtificate of Educa- 
tion in PhyS'ips, The four categories of items on the test were similar 
to^ those of Bloom. Cat^ory A dealt with useful information in Physics; » 
Categories B and C with applications of physics in familiar and unfamiliar 
situations; and Category D, almost identical vith Bloom's Analysis, Synthe 
sis and Evaluation, ^ ^ ' - 

f 

The results indiqated that "openended" students perfonr^d signifi- 
cantly better on Category D items fhan did students wifeif teachers of the 
other two styles, but these differences <were not evident witli the other 
categories of items. It was found that with "openendgLd" ^students there 
was less consistency in te^t" performance s'nio^ the categories of items 
than with "expository" students, but their perfo^jmance was somewhat better 

It was concluded that the results could jiot justTTy^^iojixestricted 
support of one style over the others, sihcj^e the expository, sby4;e 
apparently helps students "igrasp fundamentals and achieve compositional 
skills somewhat better than did the others. 



Three studi^s^ were f^M^d that focused mainly on teachers. Beam ani 
Horvat (28) assessed both teacher and student perceptfions of science 
classfoom behavior. Spec^i9i^jdy J teachers indicated the types of 
behaviors they used in- ttie classrocpi—fteAcher/perceived ^behaviors-) and 
tho$e they would like 'to use^ (teacher ideaioehavidrs) . . Students 
assessed what types of behaviors were exhibited in t;heir classrooms 
(student perceived behaviors)^ and what behavior types they would like 
to see exhibited (student ideal behaviors) . 

The subjects were ^33 science teachers in grades 7, 8 and 9 in 
schools in the Buffalo, New York area who volunteered after department 
heads and administrators agreed to have their schools participate in 

study of science teaching as ^it currently exists in junior high' 
schools." Audiotape's provided data on what was* actually occurring ^.n 
the classrooms (actual X)bserved classroom behaviors) and these wfere , 
analyzed using Flanders Ipteraction Analysis^ Scale . l*h^e teacher's . ' 
conceptiTDns of the "ideal * were raeoBured^ with the Ideal Classroom 
- Behavioi( Teacher Scale The' Teacher 's Perceived Classroom Behaviors 
were measured with the same scale, but the* teachers were expected to 
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state what they actually did. The Student Meal Classroom Behaviors 
were indicated by responses to a questionnaire witlx items concerning 
what time should be spent ideally in ^ach of the categories on the - ^ 
Flander's Scale, ^nd. Student Perceived Classroom Behaviors were assessed 
with the samie questionnaire, but they were asked to indicate the percent, 
of time they believed was actually spent. Differences among science 
teachers' ideal and perceived behaviors a^d the analyses made from audio- 
tapes (CRB) were evaluated with t^tests. 

The results showed that actual CRB are of'ten signif icantlyNdif ferent 
from both student and teacher perceptions. Indirect/direct teaching ^ 
ratios and student /teacher talk ratios were generally overe^stimated. 
The only reasonable estimate of the teachers was the motivation/motiva-' 
tion and control ratio. What teachers said would be^desirable was 
significantly higher than what actually happened. Science teachers 
want more inquiry, student talk, and activity than they believe is 
occurring. Students show nearly the same lack of ^perceptiveness as 
teachers. They want more than actually happens and claitlfthat more 
happens than actually does. 

Vargo and Schafer (347) examined the effects of role-specific pupil/ 
science teacher interpersonal compatability (as opposed to general inter- 
personal compatability) on the development^ of students^' attitudes* towar4 
science and their self-concept in science. The study involved six 
ninth-grade teachers using the discovery oriented' New. York State Syllabus 
in Earth Science and 205 students in twelve of their classrooms, all of 
whom were administered the Fundamental Interpersonal Relations Orienta- 
tion Behavior , (FIRO-B) . In addition-, ^ the FIRO-BT (Teacher) was 
administered to all teachers in order to iiKlex ^role-specllic inter- 
personal ^tendencies. The Students were pre- and posttesced. Regression 
equations were used With dummy coded teacher variables ^ generated accord- 
ing t^he Draper 'and ^mith technique and also with first-order teacher 
times (^) compatabilij:y terms. The first order teacher terms used in the 
analysis did' not contribute significantly to the regression model so thefy 
were x;emaved from consideration. * * 

It was concluded that as science teaching became more inquiry 
oriented, science teachers were interacting more frequently with indi- 
vidual students. With increased, interaction, pupil-science teacher 
interpersonal compatability roost likely cont;»ributes" sigiaif icantljt^ to 
the development of student's science attitiides. 

" Smith (314) .tried %p determine the effects of sma^ll^ intermediate, 
and large instructional groups have on the verbal behavior of junior 
high school teachers. In order to measure the effects of •;lfistructi'onal 
group size on such behavior, gro'ups' of 8, 30 and XOO students were 
randomly selected from each of the seventh, eightl\ and ninth grades of 
the Ridley South Junior High School, Ridley Park, Pennsylvania. IJine ^ 
teachers of the Science Department were the 4:eacher population. . . 

Without prior training or prep^ri^tion each o/ these teachers ' * 
developed three lessort plan^ fi^om prepared^litlines and presented them<, 
to the threfe dif fetellt-sized instructjional groups^at the grade leved-.of 

\ • • ' 
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his/her normal teaching assignment." The instructional sessions were 
audiotaped an3 coded for ea<ih three seconds of instructional time 
using the Flanders Interaction CTategory and the^ Campell-Rose Inter- ^ 
action Analysis Systemsl i the raltings *were analyzed with Darwin 
Chi-Square., \ \ , 

The results indicated that (1) teachers exhibit the signific^tly 
greatest- proportion of 'ir|direct to direct verbal behaviors in inter- 
mediate instructional groupings, and a greater proportion in small as 
compared with large groupings; (2) the percentages of teacher talk , and 
student initiated interaction may vary significantly in instructional 
groups of different sizes, but statistically significant differences 
were not observed among the teachers in this study; and (3) in small 
li^tructional group? teachera employ.ed a significantly greater percen- 
tage of divergent and evaluative questions, and significantly less 
cognitive-memory and convergent questions than in intermediate or large 
instructional^ groups. ^ ' * , 

•Jhe investigator concluded that the, results support those of a 
number of other studies concerning the n^ed for flexibility in sizes 
of instructional groupings, and that no one size is Crfr^tifictedly 
supported by the findings. Extensive inservi'ce training \s needed by 
teachers to use different-sized groupings optimally. \ 

One study dealing with adult education science classes .belx)nged in 
this section but could not bfe 'grouped witji others so it is consr^ered 
alone. It was the study by Whitehead (360) in which the purpose Vas 
twofqld, (1) to compare the relative effectiveness of expository and 
non-expository teaching methods for Adult Basic Ediication, Science, * 
Level II as determined by student achievement on an immediate^ post-Sl^t 
and a post-posttest ; and (2) to determine teacher and student behavior^ 
tn classes taught by, expository and non-expository methods and the . ^ 
relationships of those behaviors to student alchievement . 

\ . ' ^ ' , * , * ' ♦ 

The subjects in the study include^dP^ Adult., Basic Education (ABE)^- 
Level II science teachers and their 276 ABE students,, of whom ul'timately 
34 teachers and 202 students completed the stu^v^ An ABE terveL II unit' 
In ecology was developed by the researcher with tKfe-^sual supportive 
materials. Teacher^ workshops -vere held ^n four areas" Of the state \q 
train teachers to use expository or non-expository methods. According' 
to the researcher, the Classroom Interaction Analysis Index was 
to determine the interaction patterns in the ABE classes studied. \ 
-tesearcher visited e^h classroom and evaluated teacher behaviors and 
student .responses Oirough the use of CIAl. "Data, derived through the^e 
instruments weTre subjected to .the multiple regression ^and analysis of 
variance^ statistic." ' . . ^ . , 

Based on the r'esults of the analyses it appears that si|Jiif icant . 
differences A^ere not found in the" Achievement of tHe^ two groups as 
^measured by theP post test >nd 'the post-posttest . Neithe'r were -signifi- 
cant differences found in achievement when, the interactions of teaching 
method and age, or, those of teaching Tnethod and race, were considered. 
However , significant dif f erences" "^in achievement * were, found betyeeii 
expository males and females on- the jost posttfist although it is not 
Jtlidicated who was superiors 




It was indicatei that the group taught by expository methods^* 
exhibited eight types of behavior that were basically teacher oriented,^ 
the two most prevalent being, (1) subject centered behaviors, and (2). 
behaviors indicating student avoidance oB learning. In the non- 
expository classes the two most prevalent types of behaviors were \ 
(1) learner oriented behaviors, and (2) behaviors indicating student 
approaches to learning • - ' 

The recommendations deal largely with the need for more research. 
Regrettably, there are few implications made from the findings for 
teaching adult education classes. < . 



Although the data from these studies jrelated to stu&ent- teacher . - 
interactioit-are not conclusive, there sufficient '^videnfce to -indi- 
cate tEe desirability of increasing the amount and improving the quality 
' of teuch ipteraction. But, it is not reasonable to suggest that these 
studies together "put a handle on the problem." ^ » * ^ 

I Textbooks and Reading \ *y 

Five studies were found that wete concerned with texthpoks and 
^ reading, three at the elementary level, one bridging the elementary 
^ and junior high school levels, and one dealing with the junicir high. ^ 
school. » . / 

> ' ■ • • r 

• • ' * f 

Maxwell^ (211) attempted to determine the effect of science activi-., 
ties'which use concrete objects to develop science^ concepts and^process. 
skills on, the attainment of reading readiness it) ld.ndergarteii children. 
The factors of visual perception^ language^facilify and experience were / 
, examined to determine the effect of the scfence activities, upon the 
attainment of , these factors'. The^ treatment involved the use^f activi- 
ties from the ^>hysical science unit "Material Objepts" that is part of ^'^^ 
^^the Science Curriculum Improvement Study . - w 

The subjects, 132 kindergarten children f rom ^two schools in the 
'Waterford School District, .Waterjford Township, Michigan were adminis- 
tered the Metropolitan- Readiness , Test ; Form A in January, 1970. Based 
on the scores^ 120 children who fell in th^ C, D and E categories Were 
randomly assigned to one of thA,e groups. • They^c7^y^(l) a treatment 
group that ifeceived the science activities; (2) a plaoa^o group that 
received fine and gross 'motor activities instead of science activities; 
and (3) a controT group 'that received the normal kindergarten program^ 
After eight weeks of instruction -consisting of 20^25 minutes for five 
days, each week, thegroups were administered .the Metropolitan Reading 
Test; Form B ;^the Marianne Frostig Developmental Test of Visual Percep- 
tion ; the VetT^al Expression subtest of the Illinois T^st of PsychQlin^uis- 
tic Abilities ^ and .the Materials vQbjects Tfest . The scores from the 
various measures were evaluateiiJ using multd-variatt analyses of variance; 

The results "indicateci that science activities from the Science 
Curriculum Improvement Study 's^ . (SCIS) physical science unit Materials 
Objects -did, ai^hificantly effect [sic] kindergarteji children*? reading 
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readiness. . "Specific factors effected [sic] in this study were 
language facility . . . and experience" but visual perception was not. 
It was concli^ded that the treatment group made greater gains in the 
'attainment of reading ^adiness, development of language facility, and 
the expei:ience factor tfian did those children in ^he other groups. 
The greater gains in the|dast two, however, wer^ only over the "tradi- 
tional group-." 

Yow (373). had the purpose of 'determining the effect* of . the systematic 
teaching of Science - A Process Approach on th^ reading comprehension of 
first grade students in two selected schools. The subjects were 48 first 
gradd boys and 34 first grade girls who were divided int'o two experimental 
N and two control groupSi,one of each-group in each of t'he two schgols. 
Together the experimental groups consisted of 24 boys and 17 girls, with 
the same numbers in the control groups. -In October, 1974, the students 
were classified according to intelligence as measured by the SRA Primary ' 
Mental Abilities Test . On the basis of the scores^ the students were 
designated ds, average, above average, or superior. It^ was found that the 
distributions--oi.^the students in these classifications were about the 
same for both the experimental and control groups. 

The. treatment peiziod began in September, 197^, and £nded in February, 
1975; the experimental groups reviewing Science - A Process A^^proach and, 
the* control groups, the "traditional" program. At the end of the treat- 
ment period all subjects were administered the reading section of the 
California Achievement Test; 1970 Edition, Leyel4, Form A from which 
vocabulary achievement and comprehension achievement scores were obtained. 
The data .were analyzed ilsing Harvey ^s Least Squares Analysis of Data with 
Unequal Subclass Numbers . ^ 

• The analysis of the data indica^^^ed that the experimental groups 
scored significantly higher than the control groups on reading compre-. 
hension scores, but when the data were analyzed for subgroups,' bnly 
students in the experimental average subgroup showed a* significant gain 
in reading comprehension. Significant differences were nof found for the 
average and superior subgroups in comprehension achievement. A signifi- ^ 
cant difference <?as found for the interaction of sex and method with 
experimental males showing significant gains over fetaales, , * 

Babikian (17) sought to answer the ^question', "To what ^tent do 
eletoentary science textbooks reflect the nature of science and the 
activities of scientists? Particularly, what do elementary schbol 
children think about the explorability of natural phenomena and answer- > 
ability of science questions?" It was hypothesized that these textbooKs 
do not impart a clear image of science or scientists and consequently 
many elementary school children believe that all natural phenomena are 
explorable -and all questions related to science are answerable. 

Two surveys were conducted. A content- survey was made of 10 percent 
of the lessons chosen randomly from levels two,* four an^ six of lea'ding 
elementary science series'. '^^^The questions and experiments wete classified 
in terms of answers and outcomes being provided, withheld, or claimed > 
unanswerable or unexplained. Also, an opinion survey was administered to 
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decreased from second to fourth 
sixth • 



549 children in grades 2, 4 and 6 alJ^t Whe ability of students, teachers 
scientists and textbook authors to answ^i| all questions related to 
science • 

The data that were gathered indicAt^ that questions posed in text- 
books have explicit answers, but most of them aj:^ withhe^ld. Questions 
acknowledged to be unanswerable are not posed. TSxperiments have 
explicit outcomes but most of the outcomes are withheld. Experiments 
acknowledged to be unexpioxable or nc^t ppsed. 

Most students think they cannoU anSj^er all questions related to 
science but that teachers, scientistts aiJjcf textbook authors can. The 
number of students holding this opinion 
grafl^ and constituted a minority^n the 

' / ' \ 

It was concluded that el6ment/ary-sc:lence textbooics give an 

aberrated image of science and sc/^entdsts. It was recommended that 

such textbooks should contain more unanswerable questions and unexplor- 

able experiments. This recommendation Aeeds considerable thought in 

order to .be implemented properlj 

Wardle (353) attempted to ylise existing textbo9k illustrations in 
ojder to de tannine (a) the predicted ank (b) actual contribution of 
science textbooks to reading oomprehenslon of pupils varying in reading 
ability. Two separate studies we're conducted, each using three written i 
science texts of about 800 words dealing with the human heart, leaf 
structure, and the nervous system. Botn studies also- employed colored 
science illustrations that were ol)taine^d from elementary and junior high 
science textbooks . / » - ^ • 

ll ■ 

Study One sought answers to two questions: (1) What is the agree- 
inentv(a) within teacher "and pupil groupjs and (b). between the two. groups 
on the predicted learning value of illustrations?; iand (2) What is theJt 
relationship between (a)/ the teacher ar^d pypil predicted learning value 
and (b) the actual learr{ing value of illustrations?' 

pie subjects were/ S7 elementary school teachers and 144 seventh- 
grade- pupils who read /a science^esson and wejre then administered a 
207item multiple-choi/ce test. ^They were then asked to rate 15 illus- 
trations on a scale 6f 1-10 indicating [how well the illustrations [would 
hfelp them answer the test items correctly. Pupil retest reliability 
"^as obtained about /one week after the ^:Lhitial rating. 

Analyses ^f^he results indicated there was little agreement between 
teachers an^l^upl/ls concerning the predicted value of the illustrations. 
Also, tjiefe was "Aittle test-retest "reliability between, the pupil ratings. 
Consequently, it was considered imposSjLble to determine ther Relationship^ 
between predict/ed and actual learning value of illustrations. 

Study Two .sought to answer the question, "How is the number of test. 
Items answered by an illustration related to its value in aiding the read- 
ing comprehension of pupils of different ability?" 
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The subjects in Study Two were 19v seventh-grade pupils selected 
from a pool u?ed in Study One on the bdsis of the number of test items 
they could answer. The 191 subjects-wfere assigned randomly to bne of 
five treatment conditions: (1) textwccompanied by illustrations that 
answered a high number of test questions; (2) same, as (1)' but a^medium 
number of test questions; (3) game- as/ (1) but a low-numb^r of .test 
questions; (4) an unillustrated text; and (5) control without text or 
illustration, / - * 

> / ^ * 

The subjects were presented onef lesson a day in random order and 
were allowed to consult lesson materials* when they were completing the 
tests. The analyses of the results/ failed to shew that the> total pupil 
group performed significantly bettWr on reading comprehension tests 
with illustrated text lessons than /with unillustrated. Since the 
illustrations were not found to have an effect, no 'further analysis 
based on pupil reading ability was conducted. 

• The report of the study is difficult to review since ixi. Study Two 
there is no^ clear, indication of what "one lesson a day in^^^^andom order" 
implies or what the "total group'- comparison was. In addition, the 
methods, used to analyze the dat^ are not indicated. In theLopinion 
of the reviewer, the researcher had a good idea, but the design of the 
study is suspect"* because of the deficiencies in the report; 

Allen (3) was concerned with the fact that the,J968-1969 Inter- 
mediate Science Curriculum Study (ISCS) test on Volume 1, Probing the 
* Natural ^orld was thought; to be difficult for Handicapped (H) readers 
-to comprehend within the time limit of the test^ . Consefcjuently he . 
investigated whether the H group had a problem reading the- ISCS test 
an4 presented an eclectic method for adapting the ISCS cast so it 
might be more c adaptable for handicapped readers.' 

The study was conducted in the Philadelphia Public Schools during 
the 1969-1970 school year ailH involved testing 35 seventh-grade ISCS 
classes of 13- teachers in seven schdols.- A pilot study was run with 
two groups, one with students whose mean reading levels were two yeats 
below the ISCS test and those with ipeans above the fifth grade, fourth 
month on the 1970 Iowa Tests og Basic Skills , to Me terming, if a revi- 
sion of the ISCS test was needed. ' The findings of the study indicate 
that the readability wasa ^problem and that readix^g the items to the 
students did^^pt ^^^IJSBHp^^^^^ comprehension; hence, a Revised ISCS Test 
was designed. . The re^Hjld test \ised 38 of the 44 items from the ori/ginal. 
The items were reworded /and eleven illustrations were added, plus an 
oral-demonstration presentation of half the. items, all ai*med at designing 
^ a parallel, '.but less re^ading dependent test. It was found that the pilot 
study pupils scored an/average of one point^higAer on the oral sut/test 
than the silent subtes/t, ' . / , 

During the 1969-i'970 school; year, the 1968-19.69 ISCS Test 'J^^ admin- 
istered in September /and March, and the Revised ISCS Test was ailministered 
in June. Since the two forms covered the same content, they wtfre assumed 
to be parallel. A* comparison of achievement over the year wa^ made 
befween H and NH cl^^scs to see^ if readi^ng ^as an important f Ac tor. 
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Item analyses of the response's were made and the Hotelling t^-Test was 
used to see if the Revised ISCS Test had a reduced correlation. with 
reading as conp^red with thp 19&8-1969 test. 

• The results of the analyses indicated that (1) the H group mean 
Vas significrantly above the chance range on' the Revised ISCS Test ; 
(2) tKe H classes made significant gains from September to June, but 
the gains from September tb -Inarch on the original ISCS te^t were^not 
significant; (3) a significant difference did exist betvjeen the science 
achievements of the H and NH groups; (4) the difference between the 

* means of jthe oral and silent subtests was significant in favor of the 
oral; (5) there appeared to be a decrease in difficulty in ten of th^ 
items from Marcb to Jun^; and (6) surprisingly, the Revised ISCS Test 
was more significantly *correlated x^ith 1969 ITBS. reading comprehension 

Athan was the 1968-69 ISCS test. . c — > 



This latter point, accd^^ing to < the researcher, "resulted in part 
because of a nonsignif icant^orrelation between the^ original ISC'S test , 
4nd^ reading comprehensioh. " The reviewer -wishes that the researcher * 
had clarified this statement since it seems reasonable to conclude that 
the Revised ISCS Test is , more reading dependent than the original. . 

The researcher concludes that his study indicates that a written 
science test can be revised so that lack of reading ability does not 
block the measure of science items on the Revised ISCS Test .^ 

The studies in this ^section were so diverse in purpose that general- 
izations are not warranted. ^ • - 



Measurement of Attitudes . ' ^ . 

The , concern wijth the^af f ective domain *t^^ amply .evicjen^ ,' in that 28',^^^ 
Studies were found in the area of attitudes, and to some extent , interests 
The attention of research involved attitudes to science ^and scientists, „ 
courses and programs, teachers, telPching strategies, and students. Inso- 
far as possible, the 'studies will. Be reviewe'd in these categories. J;; 

Four of the -28 -studies were somewhat "mavericks'' and did not fit 
well into .any of the categories mentioned here. The first two considered 
are revieiJs of research, . * / ^ 

Gardner <il3)_^reviewed 20? studies on attitudes, placing them in 
nine sections: (1) Attitudes to Science: Meaning and Significance; 
(2) Survey of ^Types bf Instrjuments ; (3) Methodological Issues: Relation- 
ships with Other Varia^es ;/(A,) Other Educational Variables; (5) 
Personality; (6) Sex; (7) Structural Variables; (8) School Variables; ' 

and' (9) Curriculum and Instructional Variables. ^ ^ 

f 

His analysis, which includes extensive bibliography, indicates that 
"Attitudes" have two meanings, "Attitudes toward Science" and "Scientific 
Attitudes." He points out that the volume of research op attitudes ^ is %p 
great 'that it is no longer possible to produce a comprehensive' and - ' 
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detailed review of the literat^r^ within the confines of^a journal 
article. Two conclusions he malces are that there is (1) no evidence 
.that attitude instruments measure a common construct, ancj C2) no 
evidence of what classroom behaviors affect pupils favorably. - 

He does, howl^er, raise some questions to which research on atti- 
tudes should b.e directed: (1) "Should scales have equal numbers of 
favorable and unfavorable statements?"; (2) "Averages are used in 
Interpreting data, but how do ^individual teachers act on individual ' 
students?"; (3) "Do better student^^eact more favorably to science?"; 
(A) "Is the claim true that courses that emphasize implications with 
other disciplines make science more attractive?"; (5) "Do open class- 
ropms and individual study really make^'' science more attractive?"; (6) 
"Do external examinations inhibit the enjoyment of science?" and (7) 
"Will changing concepts of sex roles be associated with attitudinal' 
changes of girls toward science?" He recommends strongly the need for * 
more sound research design. 

^ Omefod and' Duckworth (250) reviewed "about 500 significant studies" 
fi^om literature "published in the limited Kingdgm and the United States 
dealing. with pupil interests and attitudes. The studies were grouped^ 
under -nine 'headings: (1) Attitude measurement in science education;' 
( 2) D ifferences between biolog^^and the physical sciences; (3) The 
^^iltfl^culty of the physical sciences and its causes; (4) The .early a-ge 
of the arousal of science interest; (5) Th^ efficacy of various pupil- 
>^"^"^^ leaicnin^ strategies; (6) Girls and science education and the 
^fectp of cp-education and single-sex schooling on the attitudes of 
tfOth sexes to scie*nce; (7) The critical role of the science teacher; 
0) The feelirigs of pupils and students about the socjial implications 
of science and the activities of scientists; and (9) The effects of 
hqtne and other environmental factors on attitudes to science. 

f| • • - % 

-4 Among^the many conclusions are that (-1) many differances between 
tne'3biological an4 physical sciences are related to student attitudes.; 

' (2) difficulty, pSrceived or real, of the physical s'cience is often' 
b^sed on comparisons with other subjects; (3) interest in science is 
alrou^ed at an early age; (4) students like practical work and applica- • 

'tions more than theoretical discourse; . C5) girls dislike' the physical 
sciences more tJ\an do l?oys; (6) the value of discovery learning as a 
way of developing pupil knowledge or interest is doubtful'; and (7), ' , 
pupils, tochers and effective teaching and learning are ail diverge; 



♦ These two reviews are comprehensive and well done. * 

. ' Billeh and Zakhariades (43) attempted to (a) construct a Jhurstone- 

Chave scale to measure the' scientific attitudes of secondary school 
I , pupils, university students and science teachers; (b) compare the 

scientific Altitudes of these three groups; and (c) correlate the ; 
scientific attitudes of secondary school pupils with their achievement 
in science. , . 

After, a review of several types of attitude scales, the Thurstone- 
Chave fonjrvims chosen for developing the ^Scientif ic Attitude Scale (SAS) 
in this study. A total of 87 items were assembled and submitted to 45 
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scientists for* examination, scaling and evaluation. The items were 
placed in ll piles , pile Jl being the most favorable "feelings" and 
Pile 1, the most -unfavorable. The effort yielded 46 items that were 
piloted with 88 students who were to respond to each with "Agree" or 
"Disagree." As a* result, ten items .were eliminated and the final 
scale of 36 items Vas administered to two tenth and two twelfth grade 
classes in three- randomly* selected Greek public secondary schools of 
47 in Cyprus, and^'to science teachers working in those, as well as in 
other, schools, ^n addition the scal,e was administered to sophomore 
university* students who were che^mistry and biology majors, and to 
, seniors who were chemistry, biology, and physics majors at the American 
University in Beirut". In total, 321 secondary schjoor students , 121 
university students, and 31 science teachers responded' to the 36-item ' 
scale. ' * 
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f The analyses of the results^ indicated that (1) all groups exhibitecj^ 

positive scientific attitudes; (2) the amount of exposure .to science 
courses and amount of science knowledge positively affects scientific 
attitudes; (3) exposure to science course from the twelfth grade' to the 
sophomore year does not seem to affect scientific a^tituJfes positively 
although courses in the junior and senior years do; (4) significant 

-differences were not found between the attitudes of university students 
and science teachers so teaching experience does not seem to affect 
scientific 'Attitudes; and (5) there is a low positive relationship 
between scqres^'on' the Scientific Attitude Scale and the grades that 
secondaj^ ^hool students receive. 

Cu^l^g^o (77) described a study that "was designed and cxjnducted by 
high schob2|:students to analyze 'the effects of age, sax and family 
compositioht on student's preferences for^ the sex and birth order of 
their offspring." A questionnaire was designed by the students and 
administered ov^r a two-day period to all classes in the high school. 
The questionnaire sought information from the subjects about agei sex; 
class and ntimber and ages of brothers and sistj^rs and then their choices ' 
for their first, second and third offspring, bline ^hundred sixty-one ^ 
usable replies were received, 396 from boys and 565 from girls; the data 
were punched in'^iBM cards and analyzed by Chi-square. ' 

The analysis indicated a significant difference bet\^een the responses 
pf boys and girls. The boys chose MMM, MMF and MFM more frequently than ^ 
did 'girls, whereas girls chose FFF, MFF and FMF more f requently .,than did 
boys.v Twenty-one percent of the girls, but only 8.1 percent of the boys, 
chose OT'F. With girls there was little difference between^ theif phoices 
of FFM and FMM. Boys and .girls without siblings chose MFM frequently 
which differed significantly from those with siblings. Tamily Composi- 
tion did not seem to be significantly related to choices. With\)nly 
sisters in the family, both boys and girls showed increases in choices 
of FFF.* Jt was noted that 86. 7 ^percent of the boys and 69.2 percent of 
the girls chose a male for the first offspring. 



Since two of the studies were reviews and'tHe purposes of the oTEFer 
^cre quite different, generalizations were ^ot feasible. \ ^ 
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Attitudes Toward Science and Scientists. Ayres and Price (16) set 
out to (1) develop an instrument to assess children's attitude toward 
science and to field test the instrument with a group of children in 
the Southern Appalachian Region; (2) determine how children's attitudes*** 
toward science varied; e.g,, from grade level to" grade lev^l and among » ^ 
[sic] the sexes; and (3) provide infoxnnation that might be of aid in 
the redesign of the science curriculum and in-service teacher training 
programs for a school syste^. 

A: Science inventory vas devised $ based on ^ attitude questionnaire 
developed by Ayres to assess children's attitudes toward instructional 
television and on the works of Perrodin. The first portion consisted of 
^elve items concerning how the questions or statement applied to the 
respondentf and to be* rated as* "never," "sometimes," "usually," or 
^'always." The second portion was a modification of Perrodin's science 
attitude scale which was a proj ective-type instrument consisting of 
eiight sentence fragments intended to stimulate students to express their 
feelings toward science. The subjects on whom the science inventory was 
tested were 455 fourth, fifth, sixth, seventh and eighth graders (232 
males and 223 females), enrolled in elementary schools in Clay County, 
Tennessee during the spring, 1973. They represented about 95 percent 
of the students in tfhese grades 'in Clay County, most of them in self con- 
tained classrooms. * 

Hie responses indicated* that: more fourth graders indicated that they 
liked science than did eighth graders. Over 66 percent of the students 
thought science would be valuable ^o them after graduation from high 
school but those who said "always" dropped from 56.6 percent *in* fourth 
grade^to. 13.50 percent ih eighth. Few students said they liked to read 
about science at* home. Forty-two percent "sa^d they "always" liked experi- 
ments.' Only 1.7 percent said'"never" in. the fourth grade and 3 percent 
in the eighth. Fifty percent "always" wanted more experiments, 5P 
percent liked field trips but 38.^ percent had never been on one. Positive 
attitudes toward fiojd trips declined from fourth to eighth grade. FevT 
differences were found betweenAhe attitudes of boys and girls. 



On the openended (second) portion, fourth*and fifth graders had' 
positive attitudes; sixth graders had many negative reactions, but 37 
percent expressed a preference for ^science over other subjects. 

' The study supports the findings of qthe}: research studies and 
empirical observation that attitudes toward science are high in the elemen- 
tary school but decline through junior high school. 

/ 




Wilson, Mertens and H^iSdrijt^(366) assessed the value stances of both 
high school and college students relative to human genetic engineering. 
Some questions to which they^ sought answers were:' (1) Under whayt condi- 
tions would these young people be willing to avail themselves o^ these 
advances^? (2) How willing are they to see their tax dollars used in 
support of human genetic research? (3) Do they fear misuse of advances 
in genetics? and (4) How scientifically literate are they with respect 
to developments in human genetics? 
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A 43-item f orced-chiDice survey instrument was designed and adminis- 
tered to 237 students, including 95 enrolled in general and advanced 
biology at Chrysler High School, New Castle, ^Indiana, anH 142 students 
at Ball State University, 52 of whom were enrolled, in genetics courses 
whereas 90 were a random sample rff undergradjjates. The cover sheet had 
fi^e* items seeking background information and asked the subjects to define 
si^ terms; geneticfe, genetic engineeriW, gene survery, cloning, amnio- 
centMis, and artificial insemination. Xlhe remaining 32 items were scaled 
from 1 \strong agreement or support)^ to 7^ (strong negative reaction or 
disagreement). The word "you" appeared in each item so as to personalize, 
the responses. The mean responses to each item were then collected. 

The response? indicated that unj.versity students were generally/ v 
more capable than high school students of formulating technically accurate 
definitions with students in genetics classes doing better than randomly 
sampled undergraduates. But, even those who cou'ld not define the terms 
still seemed to "grab their significance." All groups of students indi- 
cated the value of genetig research to mankind with human genetics students 
most willing to, invest tax dollars. * 

Students preferred .peer monitoring of genetics research rather than 
government control although undergraduates favored more control than did 
high school students. There was no strong opposition to aborting a 
defective fetus but there was opposition to al^orting a fetus because of 
Its being an unwanted sex. Artificial inseminati^'n was ^generally favored 
if the husband's semen was used, but this was not true for the semen of - • 
another donor. Thus*, there was not extensive opposition to the In vitro 
insemination of t;he human egg, * , . 

Serious misgivings were expressed about cloning (gepetically 
Identical individuals), but little concern was expressed that political 

\ considerations might pressure the creatipn of special groups.' There was 
general endorsement for improving animal traits Ky gene surgery but there 

^%JSB less willingness to do so with humans. 

* ^ ^ / 

The reaction to keeping genetically defective ^persons alive so they 
can reproduce was generally neutral; there was spme concern expressed 
about interfering with the procreative abilities of the feebleminded.. 

The study was well reported and was most interesting. 

Moore and Moore (227) undertook an inyestlgation to answer two ^ 
questions, (1) What variables influence high school students ' stated 
(objectively identified) willingness to. become personally iiwolved with 
scientific activities? and (2) What variables influence high school 
students' stated (objectively identified) perception of the scientist? 

-'^ An ^exploratory study was ^conducted to identify possible influences 

(predictions) on high school students Attitudes toward Involvement with 
Science (A3;S) , and- Perception of the Scientist (PS) that can be controlled 
or manipulated by schools. The potential predictor variables included 
those related, to curriculum arxd instruction, and to the personal 'character- 
istics of the students. More than 40 other hypothesized predictor 
variables were treated as covariates. The instrumentation included a 
machine' scorable instrument of Likert scales, two dimensions of academic 
self-concept\ and the more than 40 variables. 
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The subjects were students in schools selected by science educators 
In various partfe of the country with the^'aijn of 2^;jimizing the heteroge- 
neity of cultural, socioeconomic and educatiorml ^variablbes • Usably data 
were collected from 373 students, ' , . ^ « 

The analysis indicated t?hat this availability^ of the BSd^ Yellow ' 
Version, CHEM Study, Harvard Project Physics and PSSC-lst^dition 'helped 
, explain the significant vari^ance in AlS and P^ scores but did nht provide 
evidence that .the availability produces higher scores. Students who were 
taking the "alphabet" courses had higher^ AK and PS means than the general, 
population.-* [Revijewer's-note: These la3t two statements, taken from the 
report seem somewhat contradictory. They need clarification,] Harvard ' 
Projecf Physics (HPP) students had higher AIS and PS scores' than students 
in schools without HPP, although their IQ's were below those of typical 
t>hysics student^^ ^About 32 percent of the variance in the attitudinal 
scores could ^)el predicted from the students' sex, tlieir intentions to 
enroll .in advanced chemistry, whether Qr not they liked the physics 
teacher, an^ the availability of Science Course Content Improvement 
curricula. * •» , , 

Newton C2*40) stated* that ."a direct asse^spent of pupils' attitudes, 
to science goes a long way to answering these questions'. Row large is 
the attitude (toward science) ^diffe^rence between boys and girls? ^Does 
atpitudfe yar/ with age ajid ability? The Nuffield alternative in science 
has been in use some time now; does it affect attitude?" 

In-order to ^ther data, a Thurs tone- type' attitude scale consisting 
of 40 statements about science was prepared. The scaie was administered 
to ov^r i,000 pupils, age* 11-16 with a wide range 0f ability, who were 
enrolled in "several schools," presumably in England.. Each statement 
w^s r^^ed on a scale from 0-10 with 0 being "mo'st unfavourable" and iO, 
"most favourable." ' A modified scale w^s administered iater to fourth 
form, pupils^ (number not indicated), who were enrolled in County Durham, 
half of whom we^e in conventional physics and lial^f in^the Nuffield variety, 

%h the part involving the more than 1,000 students, tHe group as ♦ . 
^ whqle was very favorable toward science. the> difference in favorable 
attitude, presumably in favor of the boys, increased with age. .The more 
able students generally were more favorable than the less 5b le, and taken 
'as a group, the younger students had more favorable attitudes than did v 
* the older. y ^ ' ^ - 

^ / . . f ' ^ . . 

In the County Durham study, boys had* slightly more favorable 
attitudes than girls with a slight decline with age. No real difference 
in,.aX$i^ui3e was noticed beti^een thbse in conventional, and those in 
Nii^field Physics. , ' , ' 

It was concluded that science should not be made easy in order ,to 
|ke it more attra^ctive. The basis for the conclusion is somewhat obscure. 

Spe'fcrs and Hathaway (320) indicated that scientific literacy e^onsists 
of an understanding and knowledge of (a) the content of science; (b) 
the processes and methods oi science; (c) the ethics •underlying science; 
and (d) the interrelatfioitship of science and other aspects oi society, ' 
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The research report here deaAs with* the last iteni. "In particular, * 
non-science students have been sxirveyed to determine tVielr attitudes 
toward societal values considered necessary for the growth of science. 
By comparing these attitudes with those of acadeniic physicists, the 
^differences in value systems Mjiderlying the' interrelationship of 
science and society held by non-science students and by academic 
physicists were determine/ 

The instrument vused/to gather data was the 60-item Schwirian 
Science Support Scale that is constructed around five basic cultural 
values identified by Barber as being those societal values most conducive 
to the^ growth and development of science within that society. The five 
values are rationality^ utilitariaitism, universalism, individualism, and 
progress and meliorisny. The values are operatioTialized by series' of 
statements that place /values- in conflict with some aspect of society. 
The respondent is asked to chqose one of the five positions ranging from 
acceptance to rejection. The Scale was administered in 1971-72 to 701 
students ^nrolled in/an introductory physical science course, 'and to 50 
faculty members and graduate students in the Department of Physics, pre- 
sumably at Kansas Sj!ate University. The last two items were not used. 

The two populations were found to differ significantly in a number 
of ways. They differed little in support of universalism but differed 
more significantly in support of utilitarianism, individualism, ration- 
ality, and progress and meliorism. Student concerns were evident in the 
relationship between science and i^ligion since they were nonsupportive 
of rationality iJi dealing with the scientific explanation of miracles. 
More students wejre undecided or in agreement with the statement that^ 
science has led /man away from a commitment to religion, than were in dis- 
agreement. Also, students seemed likely to place value on a scientist's 
*vreputation rather than judging experimental procedures- and results. 
Students were not sure whether science should be directed toward solving, 
societal problems. They had concerns about man's being ablA to adjust 
to mechanized/ lifb. \ [ 

J ^ ✓ / 

Students did a.ccept utilitarianism e^dept when it engendered con-r i 
flict between science and religion. They did accept progress and \ 
meliorism'but were concerned about man's ability to adapt positively 
to the pace/ of progress. It was indicated that such attitudes are not 
likely to cfriange in one semester. - ^ 

A ef actor analysis revealed four factor^ that seemed operative: 
(1} universalism; (2) conflict between science and morality or between 
science ahd religion; (3) the relationship between science and politics; 
and (4) tjhe impact between technology and that of science on man. 

Randall (278) undertook a stud^^that' was threefold:' "(1) the develop 
ment of /an instrument to assess perceptions and attitudes toward science 
as a schrool subject , 'science content , and science teaching; (2) to use the 
lnvent<l)ry to measure differences' in perception and attitude toward science 
as a sohool Subject, science content^ and science teaching of eighth, tenth 
and twelfth grade junior high and senior high students; and (3) to use the 
inverytory to measure differences in. perception and attitude toward science 
as a/school subje<:t, science content and science teaching for science- 
Orl^ted and nonscience-oriented seniors.*' 
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^ After pilot testing, a 60-item inventory was developed and adminis-^ 
tered to 972 students 'in grades 8, 10 and 12 in one high-, and -threes 
feeder junior high-, schools in Gary, Indiana.- Reliability was checked 
with the Kuder-Richardson and a factor analysis was made from which four 
actors were identified, Attitude and Percep'tion Toward (1) Science Con- 
tent and Science Methods; (2) Methods oCX^aming Science Content; (3X 
the Use of Specific Audio-Visual Aids, and Evaluation; and (4) Science 
as a School Subject. 

Among the concltisions were that (1) attituttes tjb.ward studying 
environmental problems are more tavorable at higher grade levels than at 
the lover; (2) twelfth grade students were more interested than eighth 
^and tenth graders in studying meteorology topics such as weather, hurri- 
canes, and tornadoes; (3) students at all grade levels like teachers to 
show enthusiasm amd interest in their teaching; (4) favorable attitudes 
and perceptions 'boward discussions of research problems and career 
possilTilities in medicine^ and engineering increase with grade l^vel; (5) 
favorable attitudes and perceptions toward individual library, reading 
assignments decline with increasing grade level; (6) attitudes and per- 
ceptions toward lectures from science teachers become more negative with 
increasing grade levelj (7^ the attitudes and perceptions of science- and 
nonscience-oriented students toward various aspects of science did not 
differ significantly; (8) attitudes and perceptions of males and females 
did not differ signif ic!antly ; (9) attitudes and perceptions tox^^ard various 
aspects of sciewce diffiered markre^y from school to school; (10) students 
at all grade li^ls believed that science courses should be aimed* mainly 
at developing scientists*; and (11) the attitudes and perceptions of students 
at all grade levels toward science as a school subject were negativB^ ^ i 

- - ! 

The -reviewer believes that the last item is a "real crunchen" and 1 
sfiould be listed first. 



Gieger (117) investigated the scientific attitudes^ of junior college 
students in selected,^ accredited junior colleges in Mississippi and at- . 
tempted to identify variables that might be related to scientific ^ttitude* 
She also attempted to determine if a correlation exisfted [sicj among ^ ^ ' 
scientific attitude, attitude toward science as an academic subject , 
and attitude toward mathematics. • % ! • 

The study involved 150 students from randomly selected classes at * 
three junior colleges in Mississippi who were administered the Scientific 
Attitude Inventory and The Purdue Master Attitude Scales / Form A of The 
Scale to Measure Attitude 'Tot;7ard Anv School 'Sub>iect > * 

• ,» ' 

All analysis of the scores indicated "^hat the mean scores for the 
sample a^d all groups testejd were positive for the Total Scale, Positive /* 
vScale, Emotional Scale, Intellectual Scale, items of the Positive Attitude 
Position Statement Subscale, mathematics and science.** On. the Negative 
Scale, the mean scpres were positive for the total sample and all groCi-ps 
tested except the Black females.'' * ' ^ ^ 

It was ^concluded that the items of the Negative Attitude Position 
Statement Subsdale revealed rejection of these items except the ones 
concerning the understanding of the difference between science and 
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technology. The Black females revealed a lack of understanding of *5cien- 

\tific explanations in the form of lai^ws and theories. It was recommended 
that teachers place more emphasis on experiences that will remedy the 
deficiencies indicate*d,' ^ 



Waugh (354) sought to learn how 26 third-y'eair students studying 
science and ^mathematics under the Achievement Certificate in a Western 
Australian. high Scho^^ thought , f^^lt and be^javecf towy||^ science, mathe- 
matics, scientists and mathematicians Three ' component^ of attitude 
were explorearv'd') cognitive - perceptions and belief s^ about the Vprth- 
whileness of ^cienqe and mathematics; -(2) a^^tex^t^ve - do they enjoy the 
subjects? and (3) behavioral - do the;^ do, their homework, spend extra 
time on their assignments and approach them, with confidence? 

'To gather data, a modified Aik§n and Dreger Scale (I ^o-'not like 
scienceO was used. The modification was based on a' five-point scale 
first derived by^Likert - strongff agree; agree; undecided; disagree'; 
strongly disagree. The instrument was scored from +2 to. -2 with a 
^ maximum value of +80 and a minimum of -80. 

The- instrument was administered to the subjects. The science and^ 
mathematics teachers rated students op a three-point scale (Does 
he enjoy .science?) f or , comparison.* An analysis of the student responses 
using the Cronbach Alpha Coefficient indicated values of .95 for science 
and .93 for mat^matics which were intlerpret-ed as indicating irrtemal 
consistency. The values for the similar ratings made by the teachers were 
.93 for science, and .'63 f or matherrtatics^ All four instruments were readminis 
tered one ,week later and the rs \fere all dfejove ,^0, Tflien the' various ' 
''scores were compared hy computings rs between the Likert instrument rating 
and teachcyrs' ratings, it was found that Ukert mathematics vs science^ 
teacher yielded .44; between science teacher anc^ mathematics teacher*, ,48; 
between Likert^ science vs'^sAepce teacher, ,^5; and bgtwe en Likert mathe- 
matics and mathematics teacher, ,63, / • 

- ^e researcher concluded that "from „these^ results the math and 
science department can have considerable faith in t,he reliability and 
validity of attitude^ of students in this class,".. The reviewer questions 
the conclusion on the ba^^of the small sample of students and the nifiaber 
of teachers. Also, h^ is aware that the reliability and validity of ^ 
tneasuxements of attitudes *c^n be computed, but can the attitudes^- tTiem- 
selves be reliable and valid? Further^ c^iT the .Scale 'measure all three 
^components of attitude? , % * / 

# 

o Pohardt (46) attempted to asses's the attitudes of children toward 

the new process-based instructional program ii^ sciejaTce, to (1) note 
changes, if any*; from the fourth^ to the" ^ghth grade level; (2) note 
trends in the attitudes of childrert; (3) compare the attitudes of boys 
and girls toward process-based science. Eight Isasic questions were 
addressexl* for the children, and five for phe teachers. They were respec- 
tively, "^Do children in grades four through eight feel that process-based 
sclence.-ls (1) dull and boring; (2X an interesting subject; (3) a subject 
they would take if they didn't have to;c(4) the best subject in school: 

•(5) something they sometimes just do for fun; (6) a subject they w,ish they 
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had more often;' (7) a subject that is useful to them in their daily lives; ' 

and (8) a subject .they really enjoy?" jFbr the rteachers they were, Do 

they vf eel that process-based science i-s *'(1) a sub^fect they 'will alyays 
^ try to fit into 'their teajching day; C2) an enjoyable subject to te^ch; * 

(3). markedly changed from* traditional content based science; (4) a subject 
.which requfkes additional training or reading -do teach successfully; 
. and (^) a subject of great value to students?^ • . 

The subjects were all the students enrolled in grades four through 
eight in thB C£f%^lina Foothills School District and th^ir ^teachers who 
^began the process-based science p'rogram in 1968-69, They were of middle 
- to high socioeqonomi<r status/ They were ^administered ^Duttons Arjth- 
V mfetic Attitude Scale modified f o;* use wit.h science and referred to as 
' Attitude Scale for Process-Based Science , in DecertJ^er , . 1972, Form I 
was designed for the students -and Form II for the teachers. Both forms 
had 35 items .to which they were asked to "agree" or "disagree." 

The analysis "of the responses indicated that the attitudes of fourth 
10 and fifth graders were positive but they deteriorated markedly with grade 
Tevel, Y-et, there^ were more positive responses than negative at all grade 
levels. Sixty-nine percent .of the total sample sai^ they would take 
science even if it.wer^ not required. Half of the f ourth* and fifth grad^ers 
said they sought science activities for fun, but this feeling systemat- 
ically declined beginning with the sixth grade. With ttTfe exception of 
fifth grade boys, the students felt that science was nqt the best; subject 
in school. Sex was 'not found to bfe a significant factor in attitude, ' 

The teachers did not always try to fit science into the daily . 
/' schedule but did indicate they enjoyfed tha teaching of process-based 
materials once they started. They thoughtN:hat process-based science 
was a major departure ^rom traditional programs and that they needed to 
stay abreast of developments to be pi "good teacher >" but the majority^ 
of them had not taken any training or read appropriate literature. 

This study as with many others, wi'bl^out regard for programs'' teing 
process-based or traditional, shows a deterioratTop of positive attitudes 
toward science classes beginning at the sixth gra4e level ^nd extending 
throygh^he junior high, ^ . 

Atthudfs Toward Courses. "^hr^e studies were fo\ind in this "ar.ena" 
all dealing with biology, Anderson (6) set out to det^^rmine the effec- 
tiveness of a s^^udeut- centered modular course of study in general college 
- biology for fm^^^ing student attitude toward biology. The chief qu^- 
^:ions to which he sought answers were (1) "Are there any significant 
changes in student attitudes as a result of being expostid to a modular 
course o^ study?" (2) "Can the saiile degree of achievemeVit be attained 
-♦by students using such a course as by sfudents having a traditional 
^lecture course?", and (3) "Are there any significant differences vjjien * 
st'udttnts are grouped by sex?" * 

" A modular course was developed and usfed f ot" two academic quarters 
at Blue Ridge Community College, Virgini^^ begir^ning in January^ 1973. 
Experimental' and control groups yere established and were administered a 




Semantic Differential , designed to be congruent with -the modules, as a : 
pretest of attitudes. The exp^erimental group lisedi^ the modular course j 
and the control group had the traditional program.^ Both groups completed 
the same .achievement tests and were posttested with the Semantic Differt: 
ential. Eighty-one students completed the modular^ program, ^he I 
statistical analysis invci^^ed regression analysis and the computation oJ ' , 
Pearson r^s ^ ^ • . ^ 

The results-vindicated that (1) tlie gain scores in positive attitudes 
W6re significantly greater for the modular, group ^han for the convent iotial; 
C2) the modular group =had significantly higher, achievement Scores than 
the conventional; t3) sex was not found to be significantly related to 
changes In achievement; and (4) a significant interaction between student * 
sex and method was evident in the attltudinal gain scotes. 

Barm^U; (21) tested the effectiveness of value clarification tech- ' 
niques with respect to. attitudes toward science, biology, affective 
befiavior .and achievement in BSCS Yellow^ version biology classes. The 
subjects were 155 students including sophomores, junior^ and seniors who 
were selected f rom students enrolled in Biology 40Q, a S^CS Yellow version 
biology course at Nathan Hale Senior High School, West Allis , Wisc6nsin 
in 1973-74, Three instructors wer^ involved; the'' investigator asA two* 
colleagues . . . ■ , 

Experimental (N=78) and; contrdl CN=77) groups were established 
with each instructor working with one 'of each group, selected at random 
from the students assigned to him. The dontrol groups participated in 
the regularly" scheduled biology program whereas the experimental grdups 
attended the regularly schedul^ed classes and were taught value clarifi- 
cation lessons once a week for eighteen weeks, 

■* 

Data were gathered using a pre-test, post-test control design with 
the Schwirian Science Support Scale . (Tri-S Scale); the A ffective Domain 
Measuring Scale (ADMS) ;. and the BSCS Yellow Versi-Qn Comprehensive Final 
Examination . In addition, during the last week of the study, the students 
were administered a self-evaluation inventory > (SEI) . The analysis of the 
data involved analyses of covariance and t-tests. 

The results failed to indicate significant- differences for changes 
In attitude toward science between the experimental or control groups; , 
not- did they indicate significant differences with respect to (1) attitude 
toward biology or (2) affective behavior!! • However, the ^ains in biology » 
achievement were significantly greater for the experimental group than 
for the control, , ^ " - - • 

Value clarification lessons did not seem to^ do much for improving 
attitudes ^and values but, in terms of this study, seemed to enhance 
cognitive achievement, . * « 

Popowicz (270) attempted to determine whether an interdisciplinary" 
approach, involving the integration of art with^high school biology would 
have a positive effect orh student's attitudes toward science. In this 
study "art" referred to- the "applied work of representation, to decoration 
on surfaces together with the tfechniques^ and crafts accociated with them," 
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School A was designated as the experimeatijl school in which a ' ' 

. treatment and control group design was used vlth^35 -students, -In School 
'i A; the s^tudy involved two teachers and eijgiyc "college-bound" tenth grade, , 
biplogy classes* Each teacher taught two experimental and two control 
classes i Each student in the experimental groups was required to comi^lete 
/'an art activity at the end of each biology unit and was expected to devote 
additional time to i:he Art activities independent fcrora the class time. 
The biology teachers involved h4d successfully .completed a number of 
formal art courses "designed for educators in that discipline*" Modem 
Biology by Otto and Towle was used for the instructional materials. The 
control groups used the instructional materials. The control groups' 
s/used the instructional materials without the art experiences. 

School B with 120 students was used only as a contrrol in order to 
test for a possible "spillover" effect. The 120 students were randomly 
feelected from a total of 12 "college bound" classes using the same 
instructional materials, * ^ 

k Achievement of the students was measured with the Cooperative Science 
In Biology and attitudes with The Scientific Attitude ^Inventory , 
llif ee^^Skfhe^ variables were also investigated: intellig'^ence,^ teacher and 
sex. ' ' . » 

* 

The analysis of the scores indicated that boys who were involved 
with art activities along with the biology experiences developed signifi- 
cantly: more positive attitudes toward science than boys and girls without 
,the integrateci art experiences, fhis was true for all teachers and across 
all IQ levels. For girls., the treatment effect on attitude interacted 
significantly with^ the teacher. *A Aore positive change in attitude was 
found for the girls in the treatment classes for only one teacher.^ 

/The researcher also concluded that the interdisciplinary ^proach 
to teaching "biology integrated with art" did not have a. negative effect 
. on achievement, which is a "backhand" way of saying that it/ didn't have 
a positive effect either. 

Attitudes Toward Teachers.- Three studies dealt spefc^ially with 
attitudes toward teachers: bne involving elementary school children; 
one,- high, school physics students; and one, prfeservice elyementafy school 
te'achefs, ' . 



Hagerman (130) sought to determine (1) teacher attitude influenced 
by participation in a Cooperative-College School Science Program (CCSSP) 
and by tfhe use of SCIS^ materi^s ; (2) the children's attitudes and percep-/ 
tions of their -science classes as^lif luenced by teacher participation in 
the "workshop" and by. the use of SCIS materials; and ^3) the influence 
of teacher attitudes, regardless of special experiences, on the children's^ 
attitudes and perceptions of their science classes. 

** , 
Ninety' teachers in grades one through six were/ placed in three 

grotips, (1) '30 who had;attended a three-week summer /workshop designed to 
acquaint them with SCIS and had SCIS materials in tjheir classrooms; (2*) 
30 who, participated in the three-week workshop but didrfot have sCIS materials 
in their classrooms; and (3) 30 who had not participated and didn't have- 
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SCIS materials. All ^d-^ere administjjered I^at is Your Attitude Toward 
Science and Science Teaching ? th^t pJovided three attitude scores toward 
science, science teaching, and a composite of both. The pupils of the 90 
teachers were survey/d to, get measUrls of : their (1) ^-attitudes toward 



science; (2) percep/ions of science 
ences for type of s( ience activity, 
by their 'responses to diagrams «of foj 

Analyses of the scores failed 
the workshop had a significant effec 
science tdachiu^, or on their studei 



lassroom activity; and (3) prefer^; 
The assessment of attitudes was ma^e 
r different facial expressions • 

o indicate that participation; in 

Eon teachers' attitudes toward 
s' attitudes toward, and perceptions^ 



, teachers' attitudes toward science*^ 
were claimed to view their science 



of, their science classes, but it d|d have a significant' effect on the 

eaching. Children using SCIS material 
xper fences as happy -ones, although 
children taught by teachers with negative attitude^ toward science held 
moxe positive attitudes toward sciehce than children taught by fceachers 
with positive attitudes. Also, chiBLdren, taught* by teachers with, positive 
attitudes toward sc-ience perceived Ireading as their most frequent science 
activity and experiment^ing a^ their least frequent science activity, with 
almost the opposite being true fotf teachers with negative attitudes. 
^However, children taught by teacfiers with positive attitudes toward ' ( 
science 'teaching, exhibited more positive attitudes toward their science 
classes than children taught by te^^ers with negative attitudes toward 
science teaching. Regardless of tlie teachers attitudes and expe^rerrces , 
children p?:ef erred experimenting tfo other types of classroom activities. 

Frankly, the reviewer is off the opinion that the findings are so 
full of anomalies, that an intensive analysis pf the entire design needs 
to be made befor'e any credence c^b be given to the results. 

.Odom :(244) sought to determine if exposure to a Project Physics' 
Institute, its methods and ^materials , would in any way alter (1) teacher 
attitudes about th^ teaching prociess and teaching profession and (2) 
teaching techniques employed by \the participating teachers. In addition, 
th'e study was used^^ to determine /if there were aay correlations, [sic] 
between (1) teaching (experience^ and changes in teaching strategies-, 
and (2) training physics [sic] ^hd changes in teaching strategies. 

The population of the study consisted of 21 teachers of nigh school 
physics, all of whom had participated in a .Project Physics Institute 
during , the summer 19'73 at the Uhiversity of Northern Cp^lprado. Measure-, 
ments were made of changes in attitude^ and teaching 'strategies with a 
pre- and posttest design by administering (1) the Teaoher Attitude 
Questionnaire (TAQ) and (2) the Student Science .Classroom Activity Check- 
list ,(SSCAC) in 'April, I|73, prior to fh6 Institute .and again in November, 
1973, after comg^letion. At each |(eriod of evaluation the participants 
were sent packet^ including the two instruments, answer sheets and ^ 
instructions. Other vlriables considered were physics teaching experience 
general \teach4:ng experience, and college credit in physics. Gain scores 
were analyzed using Chi-*square, t-tests and r, , 



in the 



The analyses f ai^ed Indicate that significant changes occurred 
1 attitudes^ of the participtints^ about the teaching process or ^ 



profession, /although significa^rt changes did tak^ place in the classroom 
teaching strategies of tlie participants with the/r becoming more human- 
istic. A negative relationship was found between changes in teaching 
strategies/ and teaching experience, with a smaJ/l positive relationship 
between changes in teaching strategies and previous training in physics. 

It /was concluded that teaching strategies, but not attitudes, 
changed ks a result of the experience and tl/at training ^ physics' was 
apparently not a factor in changing teaching strategies. 

sogut (44) had several purposes in his study: (1) to explore the 
attitudinal changes of preservice elemen/ary science teachers resulting 
from efxposure to structured and uns true trured instructional strategies 
ai>d to determine whether or not (a) the sequencing of these instructional 
strat/egies or^(b) the initial degree cfE open- or closedmindedness of the 
pre'strvice teachers has any relationship to these attitudinal changes, 
and /(2) to determine whether the'dee^ree of openmindedness existing in 
fitudegts can he increased through tj^e use of either of the two instruc- 
. tlQwfl- strategies. 



Thfe subjects were 20 preservice elementary education students, all 
of whom ^ere enrolled in the Encybre Program at Indiana University, and 
Tfost of ywhom were first semester seniors. Two groups', each consisting of 
ten randbmly selected students, /were exposed to different treatments; 
^one higjily structured and the /other unstructured. The Semantic Differ- 
entiairA^ttitude Inventory 'was/ used to measure attitudinal changes and the 
Roke^h ^offlnatism Scale; Form E was used to determine the degree of 
opefi- ok closedmindedness. /The instruments were administered after four 
weeks ^f treatment. The t/eatments were then reversed, and the same 
instrumeats were administered fo\jr weeks later. The final eight weeks 
Invg^lved independent exp^'oration of various science topics of interest.^ 
The data were analyzed with muLti-variate analysis of covariance. 

' ' ' / i 

The results faily^d to show that sequencing of instructional 
strategies produced significant changes in attitude. Openminded students 
after exposure to unstructured strategies seemed to remain openminded 
and closedminded stufdents after such exposure sfeemed .to become more 



openminded. IThen 
they became more 
closedminded stud^ 
ness seemed to b< 
changes . 



enminded students were exposed to structured strategies 
osedminded, whereas the opposite seemed to occur w^th 
ts. It was concludes that the 'degree ofvopenminded- 
the single most important factor In produciq^g attitudinal 



The three studies with three different populations make g^eraliza^ 
tlons irrelfev^t, 



Attitudes Toward Txachbtg Strotei^le's. Four studies were found "that 
were associated mainly with teaching strategies. Noeske (242) compared' 
the attitudes of fifth graders in the Milwaukee PulJlic Schools toward 
the urban environment of today and-yf the future as a^result/of their 
involvement with real instructional experi^ences, simulated instructional 
experiences,' and their ' geographic proximity to the urban environment.' 
The subjects were students f rom 72 classes randomly selected from (^eii tral 
city, midsection of the city and suburban. settings. The classes were 
assigned randomly to treatments that were[ classified as real or feinu^lated. 
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Real^ treatment consisted of an urban field trip experience of an Environ*- 
mental Education Program designed to generate realistic^ and posit^ive 
attitudes toward the cityT Simulated treatment involved viewing a \ 
^lide/ tape rpresen tat ion^f tli is -afield ^trip, , ' *^ * ' 

Attitudes toward /the city^qf today and of the future were measured 
by two parts of a sejijintic differential administered immediately after ^ 
treatment. The instrument was one dependent variable .and the other 
'dependent variable was "future optimism," namely, the difference between 
the mean scores of attitqdes toward- the city of today and of the future*' 
The data werie analyzed using analysis of Variance and t;-tests. ^ 

* The ^results of the analyses failed, to indicate significant main^ or . 
interaction effects of real treatment, simulated treatment or geographic 
area on fifth gradiers' attitudea toward the city of today, Howev/er, field 
trips had a greater positive effect on atti tudy s^cores than did other . 
variables. Central^ city subjects par^ticipating on field trips had a 
more* positive attitude toward the ^city of the future,. Also significant 
dif f erencesvwerfe found to exist between the grand mean scores of attitude 
of the city of today and the city of the future among participants in 
all schools- . 

'Lawrenz (185) carried out an investigation gf possible differences • 
among student perceptions of theii^iology, chemistry and physics' classes, 
with a view toward answering thesy questions: Cl) Are there any -overall 
perceptual differences among tjieJscience courses?, (2) I^Jhat spefif ic^^^^^ 
components of the environment a?e perceived differently? (3) .these 
specific components dif jE'erentiate between each pair o£ courses? ''^nd 
(4) Can the specific components considered as a group be arder^d on the • 
basis of their ability to discriminate ,among' the courses? " . 

The population consisted of* a random sample of classes on all levels 
of population from 12 states in the regions of Mississippi, South Dakota, 
and Wyoming, regions that were experimental and control for three 
National Science Foundation Comprehensive Projects, The* students com- ' 
pleted the LeamAig Environment Inventory (LEI) consisting of ten scales 
related to classropm social situations and the Test of Achievement in 
Science (TAS) that contained 45 items'^ released for public (ise from the 
National Assessment Test for Science . The data welre anklyzied mainly with 
univariate and multivariate analyses of variance, 

* The results revealed that Mississippi region chemistry coursesT were 
viewed as high on the Friction, Favoritism and Cliqueness scales and that 
the biology courses in the region were viewed as high on the Formality ^ 
scale. Biology classes, generally were rated highest, followed by chemis- 
try and phys^ics on the Diversity , Formality, Friction, Favoritism .and 
Cliqueness scales. The reverse order was- true for the Democratic and 
Satisfaction scales. Chemistry classes, followed by physics and biol^gy^ 
were rated highest on. the Difficulty scale and lowest on .the Disorgani^a- 
tion*scale. Friction and Cliqueness scales discriminated* significantly . . 
among all three courses. On the bdsis o*? discriminant function analysis 
the scales that discriminated best among the three cour&es wer6, in. order, 
Difikculty, Friction and Fomality. \ ' - 
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I In brief, students perceive the learning environments in these 
^ddurses quite differently, ^ , . ^ 

\ Alexander, Allisbfi, Ongirl, Smith and Starkey (2) undertook a study 
^wi'th implications for, but little reference to, science education that was 

zxi effort to assess the'; attitude^ of insc^rvice and preservice teachers 
-toward the open classroom. Three instruments were used as pre- -and 
posttests of participaats in a one-week, Opgn Education Workshop. They 
wite (1) a 52-item Likert-type attitude scale dealing with formal/inf ormal 
ziid teacher centered/child centered attitudes; (2) an adaptation of the 
Rokeach Value Survey on which 18 terms dealing with values are ranked; 
and (3) 3. semantic differential task that required ten responses to each 
o{ 12 items. * • 

^ r According to the five iuy£|tigators the data clearly support the 
conclusion that it is possible to change attitudes in a positive direction 
In a one-week w9rkshop afe measured by the AOA Attitude Scale . Pre- to 
posttest changes seemedjao be reasonably^ stable. However, the last ♦ 
Instrument, presumably^he AOA Attitude Scale , indicated short-term changes 
JGa the perceptions of the participants toward* open education; the -long- 
term effects were 3fno\m to be .less consistent. 

Smith, Allison, Ongiri, Alexander- and Starkey (315) reported 
another study, that seems to be somewliat^9f a repeat performance of the 
, theme of the one jil^t preceiling, in which they conducted a workshop to 
train teacher^ in methods of open education for future implementation in 
their classrooms. The format was to allow participants to .experience 
an open classroom in action by actually "living the experience/* 

V 

• t 

•Prior to the one-week (48-hour) workshop, attended by 150 teachers, 
the p'Srrticipants were asked to read five books to acquire background 
Imfortnation about open education. Four research instruments were a4niinis- 
.tered as a pretest and^three were readministered at the end, • Six months 

'Mater all participants were mailed the four* instruments for completion - 
and return; 35 percent returned the instrument. One instrument is 
described in the^ report, "Sketch Your Classroom," and the data included' 

• represent only the ^6 who completed the Attitude Inventory and "Sketch 
Your Classraom/' ^ // 

The authors concluded there v^s some evidence of positiVe attitudinal 
: change but it was* indicated that a one-week workshop cannot serve to 
achieve significant gains. This is exactly opposite to* what the same 1 
five authoi;^ concliKie^in the study^just preceding. ^ 

^ Attitudes of StUdents. Five studies deal'ing directly with student 

attitudes appear iri. this section. In the first, Hason (132) examined 
,the influence of some selected variables including instructxpn, family 
;|f background, sex, and social 'factors on the development of student interest 

science. The subjects were 340 eleventh, graders, 166 of whom -were 
- Boys and 174, of whom were girls, ranging from 16-19 years of age, .ran- 
/ domly selected from four major secondary schools in Jordan, • - 
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The science interests of the students were measured with a scale 
of AO triad statements similar to those on.the Kuder Preference Record . 
The split-half r was claimed to be ,88 and .98 for ♦representative samples 
of science students • Data on other variables were collected 'with question- 
naires, checklists and rating scales. The science interest scale and 
questionnaire were administered to^ the Selected sample in two settings^ 
In 1971-72. The subjects were then divided into three groups based on 
their sdores oa the science interest scale: ' high, middle, and low. 
t-tests were-used to^^measure differences between the highest 27 percent 
• and lowest 27 percent of th^ students. 

The 'results indicated that variables of instruction, Out^r Motiva- 
tion and Inner Motivation differentiated significantly between the high 
and low interest males, whereas Outer Motivation and Inner Motivation 
differentiated between high and low interest females,' Motivation o^ ^ 
science teachers and particii5ation in extracurricular activities differ- 
entiated significantly between high and low interest students. Also, 
career desired by parents, career desired by students, and student ability 
In science dif f erentiate^i between high and low^^interest females. 

It was indicated that high interest males participated in. more 
science activities than did low interest males, had a better image of 
their science capabilities, rated their science teachers as better 
motivators, and had a greater desire to follow science careers. The 
findings for high interest femles over low interest females were similar. 

Surprisingly, the educational level of the .family did not seem to 
be related to science interdsty* ' - 

' f 

Brown, Tweeten and Pacheco (54) attempted to discover the relation- 
ship between [^ic] ajdoleacent, teacher and parent attitudes on topics 
of current societal interest. The study was adapted from an article in 
the Biolo^Acal Sciences Curriculum Study Newsletter of February, 1973, 
and was based on the experimental activity, '^^niat Do You Think of That?" 
whith is part of the Human-Self Module in the Biologiial Science Currl^ 
culum Study's Nev^ Human Science Program, ' \ ^ — 

Among those involved were 60 students in two seventh grade Life 
Science classes in a predominantly upper middle^class. white junior high 
school in Albuquerque, The students in pairs were given ten picture cards 
depicting an item of sociebal importance - marijuana, police, school, 
baby, atom bomb, smog, whiskey > teacher, army, and' cigarettes togetffer 
with an instruction sheet and information form. Each pair interviewed ^ 
three groups of people includifig three male and three female junior, high 
•school stude^nts,- two teachers'- a male and a female, and four parents - 
® two mothers and two fathers. Those interviewed were- shown each picture 
' card independently and asked for a response^ very good, somewhat good*, 
60-so, somewhat t^ad, and very bad. A total' of 125 persons were inter- 
uteswed and analyses of variance were used to detect differences. 

The results indicated that for marijuana and cigatettes, the stu- 
. ' dents-.were significantly moi;e positive than the parents; for 'police, 

school and bfiby, th*e parentsiand teachers were significantly more positive 
than the students; and /or teacher, the teachers were significantly 'more 
^^sitJ^ve than the students or the parents^ 
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Significant differences were not found between males and females, 
.Murray (232) assumed that the development of positive attitudes ^as an 
objective of higher priority in teaching' biology than cognitive learning. 
In arder to assess attitude development, a pre-posttest designed for 
measuring attitudinal change wa^ implemented. 

A teacher assessment form was administered to students during the 
first and last weeks of class of the 1971-72 and 1972-73 academic years. 
The form was adapted from one used at the University of Kansas and was 
called, "Student Opinion of Science," It contained 21 items to be rated 
from 1 (poor) to 5 (outstanding). Sixteen items dealt with various 
teacher characteristics and five with reactions to the course and its 
organization. One hundred forty-five students participated, * 

According to the researcher, from 1971-72 to 1972-73, the mean of 
all items improved significantly from 3.26' to 3,74, He expressed the 
opinion that his teaching had improved, possibly as a resu]^ of becoming 
involved* in the study. 

The details of the effort were much too sketchy to make any judgments 
about the study or its findings. 

'\ 

Gardner (112) stated that the "PQRS (Physics Questionnaire ^Research 
•Study) project >set out to investigate between [sic] pupil personality', 
teacherf behavior , and pupils attitudes to physics," The study was conducted 
in VictJoria, Australia o^i Grade 11 pupils t.aking the first[ year of a two- 
year course bafeed on the PSSC materials and was restricted to pupils in 
coeducational state high schools situated in regions of above-median 
L socioeconomic status in the Melbourne^Metropolitan area. 

The subjects, (1,014 students including 798 boys and 216 girls in 
58 classes in -3^ schools) , were administered three instruments. These 
were' the PhysiipP^ttitude Index (PAI)' that was administered pre and * 
post eight months* apart ; the Personal Preference Index (PPI) ; and t4ie 
Physics^ Classroom Index , the latter two being administered as midtests, 
the PAI Is a Likert-type scale dealing with a'ttitudes toward nOn-authori- 
tarian modes of learning, toward physics as an open flexible, dynamic 
discipline f toward scientists; and toward, personal enjoyment pf physics. 
The PPI has eight "need" ^ales based on Stem's Activities Index ; ^d 
the PCI has eight "press" scales corresponding to'' needs. 

Ah .ana2i^sis of the test resuLcs indicated that, (1) teacher behavior 
had little affect on pupils' /5^1^4xudes to non-authoritarian modes of 
behavior; 42) achievement mq/tivated, s-erious, intellectual studei(ts 
displayed^ more favorable attitudes and were more open-viewed; (3) students 
vho were -warm and friendly, and also J:hose who were submissive and con- 
formist, 'looked at the scientist with affection and tolerance, the girls 
more than. the boys; (4)* achievers, and ^serious intellectual pupils who 
were warm and deferent tehded' to be more associated with enjoyment; and 
(5) achievement pressing teachers .had opposing effects oju^the enjoyment 
of serious as well as of playful students, • ^ • ' ' 
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It was noted that pupil enjoyment depended more on teacher education' 
than on the development of materials.^ ^ , , 

Humphries (151) wanted to test in practice the theory that Biological 
Science; Patterns and Processes waa more effective than traditional ' 
prograras^n developing a better attitude toward biology, in improving 
achievemfnt, aiid in developing knowledge of scientific, methods of inquiry 
In slow learner high scho'bl biology students. * . 

Sample groups were selected from the slow learner populations of 
Airline and Bossier high schools 'in Bossier Parish, trousiana, one Sample 
group in each was given the experimental treatment with Biological 
Science: Patterns and Processes , and the other smaple group given the 
control treatment with the "traditional" program. The investigation was 
carried^ outj^in 1973-74, with all subjects being administered A Scale to 
Measure Attjttude Toward aiV^^chool Subject to measure attitude; the Nelson 
Biology Tes/t to measure achievement; and the Processes of Science Test to 
measure knowledge of scientific methods of inquiry. 

Ninety other students were Selected ftom slow learner populations 
of five other high schools in Bossier Parish and compared dn various 
characteristics wifh the experimental and control groups in the hopes of 
being able to generalize resAilts. \ 

. • The scores from the tests were analyzed with Chi-square^ F and t. 
From the results it, was concluded that Biological Science: PaTtems and 
Processes resulted' in significantly more positive attitudes in the slow 
learners than" the traditional program, but the significant differences 
were not evident for achievement or for knowledge of scientific methods 
of inquiry. 



The reviewer wonders, when he examine's the obvious bias of the . 
inyestigator in- the statement of purpose, whether «the "halo effect" is 
^petative in the improvement^ of attitudes rather than Biological Science : 
atterns and Processes. 



A retrospective examination of the reviews of the studies on attitudes 
leads to frustration. Obviously^ the affective domain of objective^ is 
currently receiving considerable emphasis , whereas formerly the. cognitive 
domain deceived practically all the attention. The frustration comes, 
from the inconclusive, and in many cases contradictory, findings of the 
studidB. It^ is reasonably obvious ^'^ak .indicated in -One of the revigws 
of research ^t the beginning of' this section that no one has yet "gotteiv 
a handle" on^ the issue. The dohancement of positive attitudes does liot' 
seem to be a function of the material that is usfed, or the way it- is usedv ' 
I.t seems more likely to be a parochial function of the inA^estigator or 
other person who interfaces with the subject who is the target or ^he 
effort for attitudinal cbiange>\ X ' ' # 

' ' \< ■ ^ ■ ■ 

> >The studies commonly invol\^ a treatment group on whom some -attention 
^Is lavished, and a control groupVJhat participates in a /traditional * 
program, which in. many cases, from" tl^e- narrative ^n the sti/dyj'^is more, or ^ 
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less a "laissez-faire" situation. Here one can easily . postulate the i 
"Hawthorne Effect." Further, many of the attitude inventories are "home-- 
made" with little evidence of their reliability or validity. , pven the 
standardized tests that arfe used are somewhat suspect as evidenced by 
reviews in the Mental Measurements Yearbooks . 

.It may be very simply that attitudinal change i^ a/ function of the 
teacher, who is seldom the primary target of the inve^igation, and 
probi^ly should be. . ' x 

\ * * 

Mastery of Process Skirts 

With all the (emphasis on process it was obvious that a number of 
studies would be focused directly on that phenomenon. Eleven studies 
were believed to fit that category. 

Van Bever (345) set out to answer six questions, (1) "How well 'have 
Detroit seventh graders mastered* selected process skills as compared with 
the norm group?"; (2) "How does mastery of process skills vary with\ sex 
and age in Detroit's seventh graders?"; (3) "Is there a relationship 
between the mastery of pr'ocess skills and the verbal ^and quantitative 
skillsnof Deti^oit's seventh grades students?"; (4) "Can Analysis of the 
responses to t'est items^give information useful" in determining the empha- 
sis to be^^giveri^^articulai: process skirls in the' elementary schools of 
fi'fetrait in the fiiture?"; '(5) "What selected process skills identified 
as minimal ^sciet^ce objectives for the State of ^^ichigan are measurable^ 
by tjlie Test of Science Processes?" arnd (6) "\i7hat: effect, if any, does a 
test instrument presented both visually and orally *(as opposed to having 
it presented only vistially) have on achievement ^scopes?" 

The subjects were selected 'randomly from s^v^ntti 'grade students in 
the Detroit Public Schools, 427 in what was' refei?red-to as a D^etroit » 
control group and -219' in a" Detroit experimental . group. ' iTie Test of 
Science Processes was administered to the entire popul^B^on in October, 
1973. - The entry in Dissertation Abstracts International indicated tfiat 
^the Detroit sample/control [sic] group' read and responded to test items ^ 
without assistance, whereas ^the dontrol group, was assisted by having the 
test items pre^sented orally on a tape recording as they read them. 
Personal' data were also ^bbtained, apparently from school records, and 
were analyzed together with the scores on the Test Science Processes 
using t^, r^, and F^.n > 

It was indicated that ^the score^ for the saSiple/contr^ group for 
.the Test <yt Science Processes and its subtests were found to be signifi- 
cantly lower than those of thd^'otal norms group ^and its urban "and subur- 
ban components^. AlsoJJ. scores for the sample/control groupjwere 
significantly in favor of females for the total test and four subtest. 
Sigrrificant differences w^re not found on the basis of age. Also, it* 
was stated that the Tost of ^Science Processes .was found to inappropriate 
for assessing mastery of the Minimal Performance Objectives fbr Science 
Edycatioa in Miohigao (Grades '1--6) ' since less than 50 percent of»these 
obje1:tives could^ tie matched with thdsefor the process skill test. ' ' 



Bergman (35) developed, j^/ield tested and evaluated a preschool 
science program, dealing with the five senses and designed to promote / ^ 
the young child's development of such perceptual, processes as observapion, 
discrimination and classification. The program, intended for use with / 



"^our and five year olds, consisted of materials and instructions for 



/ 
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Identifying and describing properties of materials, and the senses used ^ 
in examining o'bjects; Mstinguishing between similarities and differences 
in materials anci between two stimuli on the extent to which they exhibit 
a parti'cylar property; and sorting objects according to binary criteria 
and qiialitativ'e distinction. Each of the above was explored with all 
five 3enses, and together constituted 30 units. Each unit was* designed 
for three 20-minute sessions'*; the first, free exploration of the materials; 
the second involving specific* instruction; and the third, again free 
exploration. The units were developed using literature search, pre- 
planning, small-sc'ale try-out, field testing and analysis. The' field 
testing was implemented with 24 prekindergarten and 22 kindergarten 
children; p re/dominant ly from middle-class females, 

^ The investigator 'concluded^ without much objective documentation, 
that the program was successful in terms of the criteria for pupil 
achievement determined at the outset of the study. The children were^, 
described as interested 'and enthusiastic, and innovative with the use 
of the materials. It was also indicated that "successful strat;^i<2fs-f or { 
pupil language development were uncovered as well as specific patterns 
of hoW pupils incorj)orated demonstrated operations into their own sponta- 
^^^^neous activities," This latter point needs considerable rereading, 

% ■ 

- Gabally (109) attempted to determine the (effectiveness bf science 
inquiry lessons on the development of the skill 'of classif Tcation in"" 
inner city kindergarteii children. Answer's were sought to two major 
questions: (1) "Do the science inquiry lessons affect the^classif ication 
behavior of the children?" and (2) "Will the Cl|ildren involved in the 
science inquiry lessons retain any increased ability to classify three 
months after the termination of the lessons?" 

The subjects of the study consisted of 82 kindergarten children from 
an inner city school who werfS randomly assigned to an experimental or 
a conttol group. The experimental group participated in 20 lessons 
emphasizing science inquiry. Each lesson^ was 20 minutes long, and the- 
treatment covered 6 weeks, ^ ♦ . 



The Sigel Object Categorization Test ' was used to me^ure the classifi 
cation development of the children, 'The test, adminis;tered individually 
and consisting ^£ 12 items, assesses three modes of classification,^ (1) 
• descriptive; (^Kr^lational-conte^tual';* and (3) categoificalV Jhe homo- 
'geneity of thej^fculaticfn, presumably bbth experimental and control, \ 
was tested witfl^Bfe Gcbr ^e- Dietz Test of Eight Ba^jicSkills , ^he* test 
for retention was administered only to those, children who' entered first 
grade. The post- and post-po? ttest ^results were analyzed with multir * 
variate analysis of variance. 
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It 'was indicated that the analysis showe,d that classification 
development of inner ciky kindergarten chil4ren can be altered by lessons 
that emphasize concrete lexperiences with objects. However, that increased' 
ability ^to classify was Tiot found to'be, retained three months after the 
study 'terminated, • ' * ' ^ 

Bethel (40) undertook a study whose purpose was similar to that of 
Gabally's study, namely, to determine the ef f e*ctiveness of science inquiify . 
lessons on the development of two basic- ^sJs4J.ls in^inne'r city elementary 
pupils: abstract categorization and, oral communication skills. The 
subjects consisted of 56 randomly selected third .graders,, 30 of whom were 
assigned to an. experimental group and 26 to a control. The experimental 
group received 30 sequential inquiry lessons, 45 minutes in length, in - 
which they used their senses making observations and comparisons of items 
such as rocks, shells ^ind pieces of metal, and were then expected" to group 
them. The subjects worked' individually and also in^ small groups. The 
control group was treated with a *'read and look" tfextbook oriented program. 
One-half of each group was individually pretested and all were ^osttested 
individually using the Goldstein-Sheeret' Objeot Sorting Test (GSOST) , 
and the Test of Oral Communication Skills , The data were analyzed with 
^multivariate analysis of variance in which the factors of test; sequence, - ^ 
treatment and sex were considered, - 

The analyses ir\dicated that there were significant improvements in 
the abstract categorization and oral communi9ation j^kills of tjie experi--; 
mental group, ^ Significant improvements in the two/skills were not found 
for the control group nor were differences found in the basis of sex. 

Jacknicke (155) compared student Outcomes on science content,^ process 
.skills,, attitude towards science, and anxiety about science class, and 
teacher outcomes of V^ocess skill utilization, attitude towards science, 
and attitude toward_"the teaching of science, after having used Science - A 
Process Approach (SAPA) or an alternative ptogram at tlje^ grade two level. 
The subjects were 42 teachers (21 SAPA and 21 non-SAPA) and 240 stqdents ^ 
(120 SAPA and 120 non SAPA) selected from grade tWo classrooms ±n the 
Edmonton Public Schools, Alberta, 'Canada, ■ ^ » < 

The teachers were pretested and, after teaching one of the two pro- 
grams for six months, .were posttested o^ the *same measures. The two 
groups 6€-' students wer^ tested on the criterion measures after eight 
. months ,^of treatment, . Th| scores were analyzed' with analy&is' of covariance 
with the pretest score al^the covariate for' the teachers, and a subdcore 
on the Stanford Early Schjbl Achievement test as the covariate for the 
students. Other analyses werle made including sex-treatment interaction, 

To* 

The results=^ failed to, indicate significant differences between the * 
"two groyps of teachers on any of the criterion measures. * The SAPA 
students'^Vet'e found to be significantly better than the non-SA?.A.on pro- 
cess skills, b^t inferior irr knowledge o^f science coptent. Other 
significant ihteractiqns were not found, » / 

C^^iappetta and Collctte^ (65) scfught to determime (1) which of two 
types .of verbal labe^xrainlng - attribute or value - would better aid 
second Naders to'transfer their, classification skill, and ^) what type* 

- ■ ' -^^ ■ . . 
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of verbal labels tire pupils in the attribute and verbal training groups 
, would use vhen classifying on the transfer tests. Verbal labels were • 
^cpnsidered to be more specific and concrete than attribute, . for example, 

color is an attribute, whereas red, green, andtblue are values. 

The subjegts of the. study, 4'3 white second graders in Nichols ' ^ 
Elein^ntary School, Syracuse, I^ew York in May 1971, were assigned to one 
^of four treatment groyps, each with an equal number of boys- and girls. 
The treatment groups were as follows: (1) Identifying - pointed to 
object when value or attribute < l^bel given; (2) Practice - came as group 
one, but, named figurd^and describeH. either attribute or value labels ^ 
when pointed to by experimenter; (3) Value - taught to^use the word 
value with value labels to describe; anU (4) Attribute - when looking , < 
at dots would say all are colored. ^ ' 

^ The training materials were three dimensional objects, several of 
which were put in 13 training boxes. With boxes 1-6, pupiis' in Practice, 
Value and Attribute groups classified objects in as many ways as possible. 
Using training boxes 7-13, the experimenter grouped the objects and the 
^pupils explained the groupings. Near and transfer tasks were used as 
dependent measures to assess "effects of vefbal and label training. These 
tests included People, Pieces and Creature cards frbm ESS and Raven , 
Colored Progressive Matrices (Raven CPM) • A standardized test was used . 
to measure the IQs of the subjects. ' 

The analysis indicated that the groups were not equal 4n academic 
achievement so mathematics achievement was;, used as the^covariate . It 
was found that second graders automatically useH value labels to '"classify, 
but not attribute labels. They had to be prompted to use attribute labels 
Added practice enhanced the use of attribute labels. If they were trained 
in the value labelling system, their classif icatory sHills improved, but 
they used value 3^abelling without regard for^ype s^t verbal labels training 
The investigators did not find that at tribu4:e ^abel- training improved 
classif actoj:y skills, » ^ 

It doesn't su^l^rise the reviewer that a second grader would call a \ 
red object "red" rather than saying "it'^ color^" , ^ 

Die tz and Barufaldi (89) sought answers tp the question, "Doefe the 
familiarity of the object observed by the individual influence his re- 
sponses on observation and comparison tasks?" The, subquestions dealt 
specifically^ with ordinary and unfamiliar objects; observing two objects 
simultaneously or in^sequence; and relative skill in recc^gnizing differ- 
ences and similarities. t - . ^ 

The subjects were 66 randoinly selected stuQents.in grades' 1-6 from ^ 
randomly selected' classes in one elementary school in a large eastern 
city: The average income of 56 percent of 'their families, based on 
response^ to a questionnaire, was less than $5,000 per year. Eafch child 
was interviewed individually and shown four objects;/a ball, a cube^ a 
kaleidoscope and k gyroscope, the first two objects were considered 
ordinary and the second two, novel. ^ .The objects were shown in pairs, on^^ 
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ordinary and, one novel. The ^tject'wWis asked to name the object, 
» describe it, indicate its sound, and smell, and *how it felt. After 
examining- the four objects, the subject w^^^^lowed to manipulate 
them and indicate how they were alike. and different. The responses 
of the^&ul^^ects were tape recorded, scored using a modified procedure 
of the Inquiry Skills Measures,' , and analyzed yith ANOVA. 

The findings indicated that children in uppery^ades make more 
observations of ordinary and 'novel objects than those in lower grades 
but the difference was not found to be significant. However, first 
graders were found to be more skillful in observing ordinary objects 
than were second graders, and made more observations of novel objects 
than did second, third, and fourth graders. Significant differences 
were not found generally betweefffNihe numbers of observations of 
ordinary and novel objects,, but- |:here was greater skill in recognizing 
differences than similarities. 

? • • . # . 

In general, in that school, the general trend "in observation - 
skills seems downhills - ^ ^ 

Stevens (3^3) had the purpose of * determining the effects of the 
Introductory Physical Science (IPS) program on eight selected process 
skills. Three ability groups were chosen from 1974-75 IPS classes at 
'Coronado High School, Scofctsdale, ^rizona^t The groupings were made on 
the ^scores the subjects obtained on the Priipa^ MentaV Abilities (PMA) 
test, with those in the lowest ability' group falling in stanines 1-3; 
the middle in 4-6; and the highest in ^-9.'' The sampling^was , in , 
effect, on a stratified randony^^sis ♦ 

All students receiyed /the. Test of Science Processes (TSP) as a ' 
pre-- and posttest with the! treatment being the completion of experi-, 
ments l^-l through 5-10 of tos. These experimental ^groups were compare 
with similar non— IPS groupsVi The process skills measured were observ- 
ing,*^ comp^i^ig, classi£ying, quantifying^ measuring, expeii'lmenting, 
inferring, and predicting. The statistical procedures involved multi- 
variate analysis pf variance^, pnivariate analysis of variance, the 
unlvapiat^ ^ te€t, andf Chi-squg,re, 

The analyses indicated that those in . IPS did not make general 
gains in process over non- IPS, but did make gains in inferring, 
measuring and experimenting. Signifi(&ant differences were not found 
,betwe^ the low anjd middle groups or the middle and low groups, 
although significant differences were fcnind between the high and 
low groups in observing, comparing, inferring, measuring, quantify- 
in.g and experimenting-. Further, significant improvements were, not 
found for IPS ovet jion-IPS or vroe versa in subsequent courses!. 



Any differences found seem generally to be a funcfiofi of "iiit^lJLi 
genceV as -measured by PMA rather than of the program, . » ' ^ 
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^ Walding (352) investigated the acquisition and transfer abilities 
of junior high school students in perfcferming the scientific process of 
classification and certain variables that impinge upon that cognitive 
process. The hypotheses indicate generally that training in the process 
will enhance the ability of the trainees in that process and that ability 
will transfer itsa^ to related classif icatory tasks. Subjects for the 
Investigation ^^^t^HR^O junior high school students in five seventh grade 
classes ^at Lincoln'junior High School, Carbondale, Illinois, during May, 
1973. Two experimental groups/ of 6,5 each and one control group of 40 
were formed. * . , 

All students were administered the Tvi^ Classification Test ("twil^*^^ 
as in "plant'^ as a pretest.. The following day the subjects in the con- 
trol group took the Algae Classification Test , i^ppauently these were 
"homemade" tests. The experimental groups received training on *a set 
of three-cjiniensional botanical models and then* were administered ;the 
Algae Classification Test without having been trained in Algae . classif i- 
cation. Anotheir variable x^a^ that a number of the experimental subjects- 
weyre informed that they would be, graded on their performance on cj^sifi- 
cation, whereas the remainder w^re not. An analyjsls of the results 
indica'ted that the experimental^ groups did better on twig classification 
and on algae classification despite no training in the, latter than did, 
the control groups. Also, thdse that werer^ware that they were being 
, graded performed significantly better than /those that were not. Again, ^ 
this study, shows that students who receive training will probably^ do' 
better than t]tiose that do not. ' . ' 

Hillife CL42> investigated' the relationship between teacher attitui&es 
toward iYiquiry teaching strate^ies^ the degree to which the science 
classroom activities are inquiry oriented f student 's critical thinking 
skills, attitudes .[sic] toward the science' cutriculum, and views [sic] 
of the tei^tativeness of science.. School districts were apparently * i' 
polled about their interest* to participate in the study., Eacli physical 
science teacher who was allowed to participatfe selected one class con-^ 
sidered to be representative o$ his/her student^. Thirty ' teachers in !l6 
secondary 'schools in 10 school districts in Texas and 671 of their {' ^ 
students were the subject ss 

The participa ting teachers were sent the' Inquiry * Science Teaching 
Strate^^y (^ISTS) instrument and^ informatioji concerning the testing of 
their students. The students were administered the imtson-Glaser 
Critical Thinkings Appraisal , 6s^6od's Semantic Differential , the Science 
Classroom Ac{:j.vity. Checislisfc (SCAC) and the Vietys of. Sciencp (VS) . Thp: 
latter instrUiinent was developep fOr this study tb serve as /ah indicatc^r 
of a.sub^ept's view of the tdntativeness.pf sciejice and is /a L^kert-type ^ 
summated rating sdale* consisting of .40 stafi^ements. / . ^ - 



' An analysis of the scores ;lndicated;, that a teacherls /attij;ude toward 
inquiry teaching strategies is^a poor predictor of students' critical ^ ' 
thinking skills, attitudes toward- the. science cfitriculum,/ and views oft. 
the tentat^^vepess of science. ' Hqwever, the Science Class/room Activity 
Checklist appeared to be a- good predictor^ of these studeiit Vciriables. 
Students'in the more^lnquiry oriented ^cience classrooms/ showed higher 



critical thinking ^kills, viewed science ks being more, tentative and held 
more favorable vi^Sis toward science teachers an4^ Science classBooms than 
did students in the less inquiry oriente^a physical science classes. 

Dawson (80) tested the" hypothesis ^thGL|: College students who partici- ^ 
pate in a one-quarter biology laboratoi-y course with a guided decision- 
making approach will have greater critical thinking ability and knowledge 
of the processes of science than atudents in the same biology laboratory 
cfourse with a .conventional direction-fojlowing appirpacli. In the former, 
students were taugfit how to solve problems and then were given help in 
desi-gning experiments to answer general problems, .In the latter, the 
students were given detailed instructions for all the exercises they did. 

Data were gathered from 329 of 372, students iij, 16 different laborat^ory 
sections in a^ college biology course, ?rior to instruction by 14 
graduates and two qpperclassm.en, the instructors were divided into two 
nearly equivalent groups. During the study, the instructor's behavior was 
coded using the Science Classroom Assessment System and the questions they 
asked were classified, to test whether the instructors in the two approaches 
acted the seune. Their students were administered the Watson-Glaser 
CrltiMl Thiafejrtig Appraisal and the Science Process Inventory at the 
beginiTing and end of the quarter. 

^ An analysis of the results did not indicate significant differences 
between the two groups of students in critical thinking, knowledge of 
science processes, or final grades in the lecture portion of the course; 
or classroom behavior and the number of kinds of questions the instructors 
asked. In btief , the study did not indicate that one approach was bet;tfer 
than the^ other. ^ ' V * 
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As with the studies on attitudes, these dealing with mastery of 
science processes yielded inconclusive results. Piarenthetically , use- of 
science processes, critical thinking and inquiry strategies as well as 
other terms are used interchangeably. A few studies JLndicate that when 
direct efforts are m^de to teach process skills, increments are found in 
the ability to u^e 'them but. there is a corol^^ary loss in cpntent knowledge. 
In other cases, significant differences were not f(5lind between th.e experi- 
mental (process) ^nd the control (non-process^ grou^Js, The reviewer^ 
Js also concerned, as with studies in other sections, about the **^stacked 
deck" against the control subjects v^ith whom little, in many studies, 
seems to be one. Also, "process groups" "afe compared gli-bly with "tradi- * 
tional textbook approaches" on the assumption that being a member of a 
.process group ensures the epitome of learning experiences whereas "tradi- 
tional textbook" implies the very .worst in learning experiences because 
In a classroom in which a textbook is used, itiquiry act^ities are auto- 
matically stifled Empirical observations do. not support such assumptions. 

Again,' the key factor lurking In the background seems^ to be the 
tea^cher, not the material or the system. 



Prediction of Succwjs * , 

Only one study was found In this important area, namely, that, of • 
Chesson (63) who attempted to develop a procedure f.or predicting success 



•in freshman-level general biology based on a combination of prediction 
variables including the test grade on a micro-learning unit (MLU) , e 
•dealing, with osmosis and diffusion,' six Comparative Guidance and Place - / 
ment (CGP) measures of reading, mathematics,' biology interest, year 2000 * 
(sic), mosaic comparison^ and academic motivation; high. school biology 
grade; numbers of semesters of high school biology and of chemistry; j; 
rank irt high school class;. and high school size. The criterion variable > 
was the, final grade in college biology. , . 

The- subjects were general biology^ students at College .6 f^The^ Albemarle 
,(N=63)'; Sandhills Geramunity CoJ.lege (N=S7). ; and Southeastern Contounify 
^College XN-87) during the fall quarter 1973. Simple £'s were cotn^u'tfed 
between the predicAoi^, variables' and criterion variable for each parti- 
cipating college and fqr*all students referred to as the Compos it ^^too^ 
(fcGP).. The prediction. variables that bor4 the highest relationship were 
MLU test grade, CGP mathematics •score, CGP reading score, CGP YEAR 2000**^ 
score, and semesters Of high, school chemistry. 

. The develop;nent of multiple regression equations indicated that the 
combinations of prediction variables ^that were significant were for College 
of The Albemarle - non^; Sandhill^ Community College - \SL^^ test grade, 
CGP - Reading Score, CGP mathematics score and high school rank; and for 
Southeastern Community College - MLU test grade, CGP mathematics score, 
and high school rank. ^ 

It was concluded, ^nder the conditi'ons of thds study, t^e grade on • 
^a micro-learning unit ^can serve as a. significant predictor of '^acadeipic 
performance •in the total courfeev 

; I , . ■ • '■ \ ^ 

Testing ai\d Evaluation 

Fifteen studies were fecund in this category, five deali^ig mainly ^ 
with the tests .themselves; three oriented toward their use with* junior 
high >school studeiits; three focused on. high school science; two related 
to college science courses;^ and twb with implications for elementary 
science teachers.; . - • 

In the fi?st group Goodyear and,R^nnfer (119) undertook 'a preliinin^y 
^stifdy to^ answer the quesf ion, "What degree exists that he (the student) ' 
is basing that choice (on a multiple-chdice test item) upon an under-^ ' 
'standing of the concept.*' They hypothesized that choice is often based 
on the degree'^to which a concept is misunderstood. Four tests, two ^ch 
in chemistry and physics, each with IS^i^tems based- *on typicai concepts ^- » 
in' the two courses were constructed, concepts, included Newtop^'s laws,. 

Velbcity and acceleration, and the mole. Art- item might stress general 
knowledge about ^a s^pecijic relationship such as that between momentum 
and gravitation with an orbiting ^tellite.^ "However teachers were t<j omit 
itams in vhich ^e content had not ^been studied. The subjects weire*68 * 
.^s*t'jUde^tts enrolled in plp^sics and 111 enrolled in chemis'tryin four high ^ 
sfchoolsf. Each subject was expected to make' a response and then ^stify 
why -4ie selected that response. Thie 'justifications. Were put in ^ive 
categories^ (1) could justify response even if incorrect ; (2) reasons-t.f or 
Eliminating choices; (3) guessing; , (<A),^.ehedting or copying; and (5) 
responses with no justification. • T * * * * / ' - 
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An analysis of the ^results indicated that there was great variation 
amqng schools i^th respect to responses because in s6me, students had 
studied matorialp more thoroughly than in others; reasons for responses 
•did not differ greatly between student^ in physics^/nd chemistry. On 
justification in category one, 37.5 ifercent had correct answers and 21 
percent had wrong answers. From this it was concluded that many students 
leave classrooms with - erroneous information. Also, the technique 'of 
elimination of incorrect responses was used less than expected. It was 
al€o found that 12 percent of the responses^were correct but the justifi- 
cations fell into the categories three, four, or five. 

It was concluded from the results that the^ examinations needed improve- 
jnent and that 1'5 items were probably too many for the time allot t^. 

Swigart (331) uadertoot a pilot* study to formulate a classroom 
observation instrument for the ass'essment of the in'^uiry mode of instruction 
for elementary science education. A literature s^rch was made to 
identify the '^commonly specif ied "attributes, of theo^nquiry mode" and these 
catalogued into three major Critical Elements of Inquiry. Classroom 
behaviors that were illustrative of each^ of these three Elements were 
prepared. These' behaviors were written in pairs, one illustrative, and 
one non-illustrative of inquiry , beharvior. ' / 

The instrument was used in a pilot study in a live classroom or in* 
_the viewing of a videotape of a live classroom in^ the Suimner, 1973, witl^' 
trained graduate s»tudents serving as coders. The live, or videotaped , 
lessons, were in, elementary science. An analysis .of the rati'ltfS^^lLndicated 
a rater * reliability of about .63 which was deemed insufficient to warrant 
using the instrument withbut further refinement, ^ / • , ' 

f * ' ' j 

The entry in Dissertation Abstracts Intemationaliv yas clearly / if not 

de'flnitively , written. The investigator deserves commendation for- not 

apologizing for, or camouflaging, the results. y , J 

McLeod, ^Berkheimer, Fyf-fe arid Robison (217) focused their^esearch J 
on ^our of the integrated, processes? as defined by the Conmisslpn on ^ 
Science Education of the AAAS: controlling variables; interpreting data;' 
defining operationally; ap^ formulating hypotheses^ The external criterioiV 
.wasJ"the child's abilityWo perform selected appropriate competency measure 
tasks in an experimental sett;ing." , . y ' 

i • \ { I 

The setting was undertakeA^.with ,a sample of seventh graders who had 
studied Science - A Prot:ess Approach in 'jsixth , grade, each /of whom was 
given individually some competency ineasdres for the four processes and 
scored on his responses. Meanwhile, tfie 'investigators collected obj'ective 
test 'Items that had f^ce validity 'and administereci them'/to the same ' * - 
children. .The child's abij.ity to perform the jpro'cess wAs*. the criterion 

^of accepting or rejecting an item. The effort! resultea .in the acceptance 
of 79 items, 42 of which were sufficiently complex to jnodity and augment' 
with slides and oral script to produce A Group Yest of l^oVir Proces.ses . 
The- final test of 79 itemg, multiple choice or fiumerica^f Vfill-irf; had 
18 on formulating hypotheses and' 18 on def ining,.operationall:^ i ' The t^st 

^w^' administered to the same subjects who had been tSs tea individually . 
earlief and wljp agreed to participate (N-59). ' » ^ /« 
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The results showed th^t the r^s between *the individual competency 
measures a^d the group test that; was- developed ^ranged' from .SS-l to .yse, . 
^ all of them significant bup two. However; if integrated processes are . 
based on the basic 'processes, the r's should be higher since they are \ 
exceeded by the co^ffipients of alienation. The test, probably mefasures, - 
factors' other than integrated processes.. * . / 4 . , . " * 

Ludeman (205)^ was involved' in develpAng "a test df sclenc^^proces-s^s 
" u^'ing, a method of* item ^selection \ahich: reblace^ the customary pkhel of - ' . 

judges who pass, -bn t-he item3'^ vai;M<ty with^ an objective metl)od'of item . 
selection base^^on an external critef^Qn." The item* improvement involved 
addition to, and revision of,, the itemV devQloped^by Fyf^e an4 Rpblspn 
using ^e item analysis data from their study, The.itfems had- to^b^.^tested 
and revised twic4 before 6i w^rejudge^^ to be 'of "adexiu^^e quality." - 
The product was referred iro^^as- The -Sci^oce- Prodessgs, Test (l^SPT) forin . . ' " , 

• ' The procedure for validation consisted of the adralnis^ .ntiOn: of ; three ' ? 

, tests CD four subtests of the Individual Competency Measu J' from' . , * ^' . ' 
Science - A Process A-R^roacH ; (2) TSPT form Ci.and (S) -t^ht Tci^etiCfi. Research* " . ^ 
Associates (SKA) tes4:,\to 52'sixtlj graders. . Jhe relationships between • 
the scores on each itemXoTi form C ancf those on t her' "fWr. subtest 9*of the ^ ,^ 
Individual Competency Measure's were determined 'by computing <xv' s between- 
the respective sUf'es. ihe- latt^-fer served as-ihe ^femal. -crita:^ion ' 
measure for the upper and' lower i27 pfercentf groups' used'.tb calculate Item^ 
discrimination indices, Thirty-si>^ items' f.rom forra'-C met the Bxte'rnal^ 
criterion ref erence'S , discrimination valui ot .at le^gtst 2a* arid so wre/ 
Included in TSPT fi^ D, r"^ . - '/:z' ''-'v' ' / 

^t was coacl-udea ^jom the eff of t ,.tT]'at external criterion, reterenced ' - 
' methoa'of test dev^elop^ht is^ an ai>pr6pria\e>pprio4ch toVtest odnVtryctiOil. 
However, it. was point^d/otrt: ^that tlJdi high correlaTion befcween the Individual 
Competency Measures of kf^A , ''al legedly -proceis 'Rased'/' arid the rSRA Science • 
Test VhiVh is f act^ual-knowleHge t^sed 'indicatj^' th^t 'the two iiay measure 
the^saiftpthing. - If so,* TSET ^fo-im D .vfO.uXd-' become a tTiirdc partner • . r 

Mitias (225}cevaluVted ^pur sfand^hiized te^ts ^iYi\liigh- school ^physics y 
to answer three "questions, C.l) .".Hh^t behavioral/speciflc obj^ctives^ does / , 
. Ja a^ple of current '^t^d^pdi^,^<'phy/^^ measure?"; (2)^ 

"Hoj.7 do these" tests 'coi4are- w£tH i^ile^ another with f^gard'to . the -emphasis x,*^ 
- they give to an identified lift, ofi -^cience teaching object ives?^j-^ and,^.C3) 
^ "How does this sample df ,<;urjrent .^'tand^rdized physics ^chle.Vement t^ts v 
compare/ generally.,, with the finairigs-pf an^ earli>ir study. rep9r^^ ^^f, 
author,, reading measurempnt||)f 'vat{9us objectives .q science teaching?" ^ 
T&e four tests examined {v/ere . the Dunniirg-A&eles^. Physics T^st f Form^E ;. 
Te^ts of the. Physical Science Studv Committee: .^(TSS[&) ; EA?ery j^xpil '.gchotar^ c 
. ship Test ; and th6 Minnesota fligh School' AchieA>emeht >ExaMnat5ion ^ 'l^'c^gm' 
/EH (revised),' / / . . , , /O/ Vf ' [ ;i 

k search of the lifetature prpduced^a ^'st oi- 11 'general -/ibjectiv^s^/^^^^ '-^^ 

'of science teaching, that .were, statea in.; ''beUavip-tH^t^^^^ .^h^se'w^; }\ - 

(1) knowledge of factual information; (2) applitiatioi>;pf ph^iiS^^ . . 

'O) ability to identify pr6blem3if* (4) 'ability ta analyze. pxoBl^^ (5)./ \ • 
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ability to collect information; (6) ability to test hypobhese^; (7) 
' ability to interpret graphs and data; (8) attitude^ toward superstitions; 

(9) attitude to suspend judgment; (10) ability to draw conclusions; and 
> (JL^) abili*ty to differentiate between various components in thought , 

processes. ^ . ' i,- 

Comparisons of . the test^ with .the objectives** indicate tliat knowledge 
, Of factual information is emphasized, heavily followed by application of ' 
physics principles.' The' ability to ide^ify problems 'seemed to be ' 
.emphasized' only by the Physical ,Science^tudy Committee (PSSC) and to 
a much^ lesser extent by the Minnesota test. The ability to analyze . ' 
^problems received little attentioit except by PSSC and- the ability"* to 
^collect information did not seem to be dealt with by any^ t-est. The 
^ability to test! hypotheses was dealt with by PS^SC to a .'small degree, and 
'^'the ability to interpret graphsf and data were fairly veil measured except 
|''by the Minnesota test. . Objectives 8-jLl were apparently not "measured 
|by any of the tests. ^ ^ 

I ■ ^ . . „_ 

f One may suggest that ge'nei^ally, ev^lO^tion instruments are behind, 
I what is professed to be, "the times." ^ \ 

r ^ ■ " • X * \ 

J Palmer .and Pella (256) investigated irhe relative consistency and \ 
" concq^rdance of 'inventory responses as indicated by the rank order given 
^ ta* science categories on the basis of the attribute "interest" by 
j eighth graders ia ^ifeconsin middle and junior high schools. The subjects 
] consisted of^nine classes ^elected randotnly from an app^roximate population 
^of 1,$19 eighth gratie classes in Wisconsin middle and junior high schools. 
The^ classes select;e^ ranged in size frofn 18-35, in five of which there >^ 
i was homogeneous grouping, but none wer^ reported to be slow o? accelej?^ted« 

! ' ' ' * ' " . * ' ' . 

The stimulus comparison categories used in the investigation covered 
'15 areas of science with about equal emphasis for the biological, earth 

j,ahd physical; sciences. Two t:riad Inventpri^s , similar f*!)' the Kuder . 
style, were developed. Form I involving manipulation and From It, non- 

I manipt ^lation'^ A paired comparison inventory was developed by \ising*two 
at a I emtiu t s-^-feiskeiL ^e rba t i m from -the .triads and 'admiriistered to students 
T«r a* check onT^terval consistency. The* consistency between the pairs 
ano^iads was> not: "found to b^ great with 6.7.8 tcf 88. 3 ^ncfonsistencies 

-out of a possible ,126. The ^in^l instrument had 35 triad iterils. Each 

, paired comparison' contained 3 x 35 or '.105 items. 

Thifee measures, were used, consistency of respo'n^es; concordance i, . 
concordance between, triads comparisons and derived pairs; and concorcfance 
2, basically, an indicatioQ pf reliability between 'triad^^comparispns. 
The' findings indicated that class levels of consistency within response 

) sets .did not come from random assignment; therjfe was pospLtive cori£^dance 
of .4^2/ between ran-kings from the same form gf triad 'and paired* cpnbarison 
inventory, there wa|, positive concordance of •287 between rankings from. 

*;triad finveritorie^s dealing with manipulation and non-maflipulat^on. JAnd , 
there >app'^T?ed to*"be some relationship between science experijence and 
Interest in science Categories. ' ^ ' ' 
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* Th*6 study basically had much "meat^ to it, but to exploit the 
implications affe.^hat they calf be applied in classroom situations, a . , 
moteext^p«<ve and ^^tailed report would be useful** ■ 

Orp^az (251) investigated the accuracy *of Ac^domic Self-Evaluation^ , 
(SE) rep*orts and motivational effects of SE in se^Mith grade Intermediate 
Science jCurriculum Study (IS£S) by employing the '^QS Performance Checks' 
(PC's) and Performance Assessment /Resources in t4^o treatments: AcaS^mic 
Self-EVaLuation '(SE) • and Teacher ytvaluation (TE) • With both treatments^ 
students were free to chopfee ther PC's they were going- to- answer. 

The fivfe teacher participants with 20 classes were assigned i;^ndoinly 
to t^eatj'ments;^ with 280 students in the* SE group and 171 in the TE. 
Prioress reports were collected during seven months^ of instruction wa^th 
th* first five ISQS units. Individualized achievement tests were 
adlinistjered to X23 of the SE stiudents to ch^tk the accuracy of the SE . 
reports. In addition,' all stud*ents responded* to/ the^ Intellectual 
Achievement Responsibility (lAR) Questionnaire . i Their Progress Reports 
V^re' analyzed for prepa^ring P^rofile Analyses oi\eight dependent variables 
Perceived Achievement Level of Aspiration, Numb^is^f Attempted PC's, 
Average Confidence, Goal Discrepancy, Success Ratio, Risk Taking, and' 
Chance Conformity. ^ ' ^ • * i ^ 

'The, results indicated that students of low reading level were 
significantly less accurate in their SE re^rts than average or high . 
'reading^. level students. Black girls were found to be significantly less 
accurate than white girls or black boy^. Significant differences were 
not fou^d between ^entiye reading groups in the analysis of covariance 
of lA^, 'but SE boys aife SE black students showed a significant decrease 
in lAR scores. In the Profile Analysis of the de^pendent va^iab'les, SE 
student! were s;Lgnif icant^ higher than TE students in athievemen^and 
success" ratios and significantly lower in* goal discrepancies. *The^E 
students were ^gnificantly higher than TE's in achievement* and success 
r^ia vhen groupS^of equal six, equal race ^nd equal socioeconomic status 
were cotnpared.. 

' \ ' 

It,' wa^ concluded that a shift from TE^ to .SE in seventh grade ISCS 
instruction^ ''would be concomitiyit; with an approximate 20. .percent increase 
in reported perceived, achievement^. 
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Coh^n (69) examined the effect ^:i3f 'content material chosen from ^ 
textbooks used at ^he seventh grad^ level' in literature, social ^studies , . 
and scietice on Cloze test performance of severfth grade^ students,. Cloze 
tests^ are constructed using "a methgd of systematically- deleting wards 
fifom a prose seTection and then evaluating' the success "a readet has In 
actually supplying- the words deleted. .. In' this study. Cloze testes were/ 
constructed by the deletion of ev^ry fifth word. *' 
• ^ ' • -* 

Th6 subjects in this study were 63 seventh graders who were admih- 
istered a battety of six Cloze tests ^^tTi^i^ee mul^ple-choice tests dei;ived 
from 'the .text material, and three sUb^ectt^area^ questions 
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Thp scores., recieved by the subjects on the Cloze t^ts revealed 
significant differences in difficulty among the"subject areas with th^ 
mean* percCTit ages, scores for literature being 31 percent; for social* 
studies, 40 percent; and for science, ST^'percent', The Cloze and inul,tiple- 
choice tests differentiated among passage difficulty within subj-ect 
areas, wherea^ the Dale-Chall readability formula did riot, The^ Dal^^--^" y' 
Ch^ll formula and the Cloze tests ranked tfie passages in the same order i 
of difficulty, but there were conflicting-results in similar passage \ 
ranking based on Aiiltiple-choice test performance* Xhe r's between tn^ 
Cloze and multiple-choice tests wer^efor literature, .55; for social- 
studies, ,35; and for science, .AOJ^ IlYis seems to suggest that Cloze 
^ tests may not be appropriate for contenc^material 'at .this level\ 

Students-^ preferences, for text material did not s^em to affect 
their l6vel of comprehension of Cloz^ and multiple-choice tests. How- 
ever, a large proportion reported difficulties in reading .content texts,. 
The dif f icultiies were listed as poor comprehension, problems with studyiiig 
• density of facts, vocabulary Idad, and uninteresting material^ 

\ Grayson (123) attempted- to (1) develop an effective gra'ding model . 
for a science Course that employed ihdividualizjed instructipnal techniques 
- (2) evaluate the model in terms of students abilities to predict their 
own achievement and effectiveness i^ meeting the course requirements; 
•and (3) analyze relationships among certain pupil characteristics and the 
use of the grading model. The subjects wSre the^ students enrolled in 
the Chemistry classes of a private, coeducational,' boarding-^ay , 
secondary school' from September, 1971 to May, 1974/ TThc instruments 
used in the. study were the ACS-NSTA Hi^h School Ghemistrr Examination : ' 
Form 1971 and t^j ^alif omiaTlFsycholo^ical * Invento**^ ^ (CPI) ♦ « 

The grading model, designed for use with individualized inst«:uctional 
"techniques, was criterion- rather than norm-referenced and had four 
' grade categories , .Hoi;iors ; High Pass; Passj and*" Unsatisfactory • The 
model required the* subjects to select one^of the three* achievement , levels 
at. the beginning of the course and thert attemfVt'to fulfill the require- 
ments. The objectives and skills and tbei^ prosiclency levels differed 
among -the 'grade categories o|: achievement levels. * . * . ^ . 

\ ' , , 
An analysis of the^ data that were cdllected showed that fewer than 
half the students could successfully complete the requirements of the 
grade level they selected. Hox^ever^ a Chi-^quai;e analysis showed that 
students deceiving an Honors ' grade ranked in th^ upper 10th percentile 
(#Tc) [Reviewer's note: tlfe researcher shf)Uld. have' stated "^t or abo 
the 90th percentile ,C6r in the upper '10 percent)*' jsince a per&erttile 
is appoint and one can't by in it); those receiving. High Pags grades- 
ranked between (not in] the 65th and t^e 89th percentiles ;* ^d tho^se 

Sceiving Pass, ranked bet^weeA [not Xn] the 10th and the 64th percentiles 
B pupil characteristics found tb^diis criminate between the accui;ate 
and overestimators*' were *y^ars in attendance at a particular school, .~ 
" mathematical aptitude and CPI charaV^ristic of socialization* ' ^ 



It was concPuded that because of the inaccuifacies in estimation,, 
predictors that ' discriminate each level of achievement or grade ^category 
need to b6 identified. . * ' * - \ , ' ) . . 
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Finstad (102} conducted a study toj compare the test . performances 
of sample populat&ons of students errrt?4l3d in.bi64/)gy in three secondary 
schools, tworLoc^C^ in rural npr'thwestem Wisconsin' and one in suburban 
St.^aul, Minnesot^. > Their teit scores were compared oa the basis 6^ 

(1) pre- and pO^t-test differences; (2i differences in alternative 

scoring procedures', graded response and traditional; and (3) differences' 

•An student performances 'by school designation ^ small, medium bx large, 
s/ ^ . . ^ • • V, ' 

, A test instrument of 100 multiple choice items in general^biology 
was ffe-epared and then' reduced to 65 -itj^s by item analysis and judgments 
of biology professors. Fifty-four pea^git of the 'items were, lower , 
cognitive (knowledge, comprfehensi^on, ana application) ; aiid 46 percent, 
upper cognitive (analysis, synthesis, an^ evaluatfio;i) , The conte^nt of 
the items was'abou4;equally distributed betnr^een traditional and contemr- 
P9tary bio^logy. The^test ^as Administered pr^^an.d post to students, • 
number not indicated in Dissertation Abstracts^ Int^national , during 
1972-73 school ye^r* 'We responses wer^ scored irWtwo ways, a '*tradi- 
tional" grade of thr(^e*oj: one correct answer, ana "graded responses'^ 
of. three, ^two, o.r one base^ oii answers- of. varying degrees of correc 
' The results were analyzed using F and ^ 

The/ analysis indicated *that (1)* significant degrees of learning 
based on pre- arid post-test differences, were Accomplished by the^^^udents'; 

(2) student scores were^ significantly higher wltrh graded-response 
scoring than with traditional scoring; atid (3)- studentij from the 
and large schools had significantly greater gains in^^chifevement 
those froi5 small* • ' . ^\ 

; 
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Grant (5L21) undertook a study--t6l determine, if a stude?!^s responses 
on multiple-choice*. ^items reflected understanding of formal and concrete 
concepts and if that understanding ^as commensurate^ with his level of 
mental development . - * ' \ * 

The* sift jects wefe ^f9 biology stude 
randomly selected from '15, and 59 physics 
in high schools in the Oklahoma , City area 
subject-matter examinations and fotir <^iagetian 
volume; separation of variabJ^^s; equililii:j.um 1 
'of exclusion. The subject-^mtter tests in bi 
and adap'tat'ion; and in «physicV,Vmeasuremen^a 



e^dh of which had ten concrete and ten fermal items 



enrolled In three, sections ^ 
stMents^in three feectionS*,* . . 

^Tere measured with' - ^ . 
asks - Conservation of 
tlie balance; and operations 
cayered ^populations 
linefar motionf* 



nd 



.The data that were gathe/(?d indicated that /the operational levels 
of tjie biology students were 37 p/ercent forraa^^nd 6'3^ercent/^oncrjete 
and those of bhe , physics stjudents, ^^^^ percent^ formal ^^and 32 percerfc / 
concrete. Positive correlations were found psetween formal^nd c^nOTete / 
^ test scores aitd reasonsL giyen on Ptiagetian tasks b>y (formal operational* ,t 
/biology and pl\ysics subjects ;^ and between cono^e'te oest^snores and • 
reasons ijSglven^lw copcreW-^ij/eratibnal stuHejits In^Voth ^1 
physics. However, ma^' correlation ^"sic] was fpund to) exist between * 
formal Lest scorefe^rid reasphs ^iven b^ concrete operational subjects In 
; ajH^li^^ tiolo'gy ^ physics.' ^ )^ ' ,^ ' * 



\ 
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•It was concluded that objective tests protide a .valid measure of 
understanding formal and concrete concepts onlylwhen th^ operational 
level of each student is known* * ^ 

I- 

Monk^and Stallin»gs (226) designed a study to^determine what effects 
testing might have in stimulating the learning of problem-solving / 
abilities^ The subjects of the stuHy; 200 students in a course 
physical geogyaphy .at the University of Illinois, wet'e Assigned to one 
QC two treatinent* groups that were "generally taught fn the sariTe manner" 

•^xcgjpt for different treatment on quizzes. Group 'l, consisting of 
about 80 students, received f actualLy-oriented quizzes, whereas Croup 
liT^conSisting of about 120 students received quizzes- tTiat stressed 
higher level behaviors such as application, and analysis with an orientar 

/tion toward pr(5blem solving. The groups wei%e t^dght by the ^ame 
instructor with two lectures pei; week in adaition to three one-hour quiz 

. sessions that , were handled by six graduate assistants. There were.fiv'fev 
quiz sections for each group with sevenylS-m'inute quizzes during^ -the 
semester witK-a fact to problem solving ijatio for the itiems of 3:1 for' 
Group I and t]ie ^reverse for Group The final examination was the 
critrerion measure for comparing the t\lo g^roups. ^ 
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' Two-tailed t^-tests ^were used t;o measure any differences .and _r's 
were calculated to measure the relationships between students scares on 
factual and* problem solving* item^^ The rlesij^s failed to yield any* 
^ ,sigriilEicaiit _t*^s or j;'s. One can^Ofcy conclude that the. type of test failed .> 
to influence the learning of problem solving abilities ' . 

Lowry (202) undertook a $tudy to (l)^-displky .functional relationships^ 
between misinformation scores and discrepancies between true and IfegitiV 
mate ability and raw ^nd correcfee^-for-guessing ^scores ; (2) display ** 
; functional relationships between luCk' scores and discrepancies between 
-true and legitimate ability and raw and corrected-f or-gues^ing scores; 

(3) detejnnin^ the extent to wftich^ correcfeed^f or-guessing scotes or raw ^ ' 
^ scores are' better estimates of legitimate abiSlty; and (4) determine^ the . 
extent to which corrected-f or-guessing scores ^dr raw scores •are better ' 
Estimates o'f true ability. J ^ ' ' 

. . ^ - ' / . \ ' 

- . The subjects were about! 220 stndents.in thfee sections -in 'the second* ' 

'quarter of a f hree-quarter *Bi|>logy 1% laboratory sequence (Ji^ring the 
winter 1974t^75 at Virginia Polytechnic Institute and State University. 
During the quarter the subjects were ^ administered six- tests ^ch* con- 
sisting apparently of 23-2^ it'ems". ' Their abilities were defined In twcf 
dimensions, true 'ability whicn was the number of items from .which a],! 
'the wriong choices were confidently * eliminated, plus ' expected gain^from, 
guessing on items from wh^Uih one or more wrqng choices cdul^ be eliminatgji, 
leaving the correct cholte; and le ^timate .ability, which was the- actual 
number Lof correct; item^from which^t least one wrong choice could be ^ ^> * 
^ elimlna\;e<J Iea>^ing the correct choice., Misinformation was defined -ff£r\ 
.confidently eliminatin'g the correct* choice and luck was defined as th'^- 
di^crc^pancy between expected guessing success and actual' euessine success*. 

The tests were scored using these definitions as criteria iEor ' 
assigning values to" responses, with* students indicating the way they 
addressed themselves to tlie* items. . * 




•The analysis failed to indic3J;j^hat misinformation had an effect 
the ability of raW scores tof'est imkte legitimate (true) [si^^ ability; 
although^misinformatioh af)pea/ed to have a substantial fef feet on ability 
of corrected-for-guessing, scores ^to estimate legitimate (true) [sici] * 
ability, the latter being mor^ pronounced- on tests with, fewer choides 
per item. Luck was shown to be' influential, on ability of both raw land 
corrjpcted-for-guessing scores to estimate true or legitimate ability, 
although the inJ^ence^was more pronounced fOr raw scores. It wasj con- 
cluded that raw scores were better estimates than corrected-for-giiessing 
scores of legitimate ability but neither seamed superior for estimating 
^ 'true ability.^ * j ^ - 

The study was difficult to follow because df complicated' explanations 
"although the reviewer believes it was basically well designed and has 
many^ important implications for test design.. An. anomaly is that le^iti-' 
mate^^ility and. true ability +fave different def initiotis,^ yet in two of 
' tijie conclusions the term "legitimate (true)" is Hifeed and there no ^ 
clear indication o'f the implication. ^ ^ 

■' ^ ' . ^ 

V Butzow and Davis^ (56) attempted to cjreate an open-ended' type pro- . 

-gram sucfi as~ Elementary Scieirce §;tudy (^SS) . It was hoped that the ^ 

instrument would allow predictions to be made as ^;o the relative level 
Of 'success teachers would have using a stu^dmt centered program. ' In ^ 
this study, the , development of the instrument is^*jdescribed, and in a ; 
related study > itsv^alidatibn. V' ^ . . 

^ The' development w^s based ^ three conceptual phrases r^elevant tp ^ 

V" teaching elementary science. For me,- doing science; *For me, teaching 

science; Jand For me, science concepts. Concepts in these phrases .xf ere* 
^ rated on a five-point scale in'N:he preliminary efforjt i^J" 104* elementary 
science methods students at the University cff Maine-Orono uisi^^46 f J 
.adjectival pairs such a^s Valuing; Important-Trivial; Enjoying; 'En joyable- 
^ UnenjoyaBle-; S.trivpLijg; ^ow^rf ul-Powe^rless^ and Dif f^cul,ty ; 'E^sy-Dif f icult . 

The adjectival pavf ,1[>avj.ng on these f our ^f actors was 

/selected to starf&^dr* tl^t/tac^ in. the final" instrument / A:, is * ^ 
pompletely XinClear d^rC^h^flr^al report haw this effort wa^s /relat^cj to 
the development of the^ab^tlude in^trutnent , except one may *aslui^]^ that; ' ' 
it had a r;critetion yajLu^'-^^^-^t, neve^rthe Jess , the attitude instrVjnent 
that emerged and re^etrq$J>^ as th.e. Semantic Dlf ferentiaf Test of Teacher 
^ Attitudes was cotls^ructedfj^^ teacher-behaviors from the works^ 

of authors, invol/ed with ^S. ■ - ^ . ^ • * 



The. trial w^as coifducfed with '29 elementary classroom teaohers who> 
were members of an ESS iris«.jj^ce institute and were admini^rtered the test 
prior to implementing- E§S in the class-room. After several months of 
implementation, the participants were^^vj^deptaped on a prearranged basis ' 
while .teaching science'.'^ 'The videotapfes^ were evaluateQ ,by thr^e '^profes- 
sipnal scienc^' educators trained to use ^el Science- Curriculum Assessment 
System-Teacher . ' Two l.ubgrpups were formed (a student-directed^roup and 
a t^acher*-directed gr^up)*- and they were compared. . i 
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An anarlyM-s indicated *that six of th/e 21 items (teacher behaviors) 
Wi^re significant on the EnjoyableAJnenjoykble axis. These were for 

Rachel* orientation. For me-, -allowing students to mess around with water; 
ind fpr; the Student orientatio^^^ (1) For me, keep live plants and animals 
in the classroom for *use in experiments; (2) For me, being able to 

ictly answer questions :f:n science; (Ji) For me, allowing children 

to work in groups Co^iscuss different views^^and findings; (4) For mdk^ 
teaching science; and (5) For me, having a s^trong background in conceptual i 
and factual science. , . ' 

.The validation of the Semantic Differential Test of Teacher Attitudes 
was ^under taken by Davis. (79), using two groups of elementary school 
teachers who had been exposed to^ the materials and philosophy of ^ the ESS 
prcrgram* in 'two in-service institutes. Both groups were administered the ' \ 
Semantic Ddf f erential -a£ter exposure to bhe ESS program but before any * 
for^ial impl§meffi|:at"ion ofsESS^'in their schbo'ls. ^ne group of the s^udy- 
- was divided into tVo subgroups on the^baspLs pf scores on the Tilass^oom 
observation instrument and designated as (1) a group in which teachers ; 
allowed the students to direct their own activities (SDG) and (2) a 
group in which'the t&acher directed the student's activities (TDG) . /• ^ 

^ ^^'^erage scale^cor^ fof the evaluative, ac£ivitx and potency scales ^ 
of the semantic differential were used to d(itermine wHich concepts f < 
showed a significant difference betv^een the two subgroups'. *Tfs*ng the 

quare test, a sig{^.f ic^ant difference was evident between fehe two ' 'J 

subgroups on certain concepts^ Analyses of these significant concepts 
-^indicated that the SDG group viewed science teaching^as being closely 
related^ to allowing children to explore natural phenonema> actively for 
themselves and*also recognized the need fdr having a strong background' 
^n conceptual and factual science. . The« same^^^as true for the Tpc groups 
but to a lesser degree. ' * . 

> A ireexamrnation of these reviews of studies dealing with testing 
and evaluation,, 'does not indicate that much optimism can be- expressed 
with Ihe results.' The reporting of 'tlie 'studies, in general, is mediocre, 
and in some cases, almost incbmprehensible . Conclusions are"^ drawn in 
some without tangible suppprt. Many of the instruments, despite being 
assigned flamboyant titles, are **^hbmemad^* and the -reliability and 
• Validi^ty are suspect-'. Ther^ is much question as to how sensitive the 
instruments are in measuring differences among groups. The "reviewer " } 

believes that the studies^ in this ^^ction are generally "weaker** than 
those.^n any of the .previous secti<Jns. • *\./r'^ 

^ ' * . : - \ ' ; : . " ' ^ r { * ' i 

Use of ' Co mputers * 

\Three studies were categorized ^^lgoter this heading. They are f 
focused more or less directly on the |R)mputers themselves rather* than 
# on CAI, qnd so a separate category was established. 

'Dom (90) described a nuriiber of examples of ^computer-based experi- 
ments ;|:hat could be;used to develop intuition, act a catalyst for 



student-generated conjectures, ^nd motivate further stutjy. ^ Some 'of \j:he 
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experiments were 4^signed to give^rise to inductive reasoning, and others 
were aimed at deductive reasoning. He indicated that a case could be' 
made for the principle that the manner in which the computer was "used 
should be governed ^ore by whether the student is expected to use 
Induction or deduction than by any similar thing." 



)i/p«it( 



lA his development , ^a co4i>iter simulation was suggested for popula- 
"tion growth with conditions and constraints . affecting the numbers. An 
examination* was then made of computer capabilities for graphing the 
p3^>ulation ti^ends. The student was required to reason inductively -to 
provide variable^ affecting growth. Computer modeling^ howeyerf 
involved guesses^as to how , the population would behave. Then the computer 
was used to determine the consequences of the guesses, .Examples are given 
for handling the data. . - < ^ ^ ^ 

/In analysis of the effort led to the conclusion t^iat computer ^ 
simulation is corisidejcgd to be a "blacTc box aperatian" in/which studc 
have little insight into the operation oT^he prograta, whereas in 
modeling the student must Vsee inside the p;:Qgram*" This suggested that\ 
simulation seem^ most aprJropriate for inductive processes and modeling 
more appropriate for deductivel -However, in both induction and' deduction,- 
the objective^a<^e to (1)' develop student intuition in the particular 
subject undeif study: (2) increase stu,dents abilities to make educated 
guesses or conjeetures; and (3) intrease-'the student's motivation to 
delve deeper into the subject. ^ 

The investigator concluded .that both simulation and modeling should 
.4>e u6ed^ The study would -have been more helpful had^ the differences . 
between simulatipn and modeling been explained more precisely, 

Bennett OX) ex^mj-ned certain aspects of comppteY-assisted problem- 
solving behavior among secondary school students with the aim of aiding 
reachers and administrators to provide the optimum computer . environment , 
for the education of "their students. In particular, anr.wefs were sought , 
to two questions: (1) "Is there a difference in performance and product' 
under the^two modes of^ compu^r operation, batch processing and time 7' 
sharing?" and (?)^s this difference a. function of the type of problem^ 
•under considerat^ion?" • ' . . . * * • / 

A sample of 12 of 48 students enrolled itx^a ^cour^e in computet 
science* at Teaneck High School, ^Teaneck", New jersey in 1971-J2 were ^ 
w^., selected on the basis tif r-esponses to a questionnaire' concerning the \ 

comprtit^ system with which they liked to vfork. All were superior stu-^.V 
dents but none hiid previous computer ^experience. Six were Assigned to 
^ ' ttie batch-processing computer mode usirrg. an IBM 113Q and six to the feime-^ 
sharing mode using a» Hewlett-Tackard 3000 with twp online termin'sls, *' 
Each was^giverf six, problems, three closed-ended and <three open-ended. \ 
T'The subjects worked, onp problem' at a time and kept recprds of time'' i 
spent' analyzing afid coding. For those in batch processing,, time ended 
when they were ready to key punch; ^f or those in time sharing, when they . 
were ready to punch paper tape,* Debugging t-ime'was tHe second variable . 
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Analyse^ of tl^e data indicated that' ahead of time 50 percerft of the • 
*12 preferred each of the two modes. On completio'n, apparently 51 pejfcent 
of batch group preferred batch wi'th IZ percent .cindecided; 6A percent 
of tim^e sharing preferred , that witK 22 percent undecided. The time " 
sharing seemed -preferable for effecti\f^ debugging but significant < * * 
differences- were not found between th&"^^ebiigging times of the two 
groups. The time-sharing students produced, significantly longer programs,* 
but apparently spent significantly les5„Jt:ipe inl writing and debugging, 
^More preparation time was required with batch processing. Basically, 
diffeifences w4i;e not fouitd between the. qualities of programs, although 
they hstd different styles',. ^ . ^ - \ " 

Brumbaugh ^55) . investigated factors thSt might affect the extent, 
to which science tjeachdrs^^.iise. computers iij the teaching of secondary 
schooi science, and^ evaluated the. effectiveness ofc an intensive in- 
.servi^ program £oi; science teachers that dealt wi^th, computers and their 
application in tl^e teaching qf science. , ' . ^ y - 

'The subjects of the study wereT 37 s(^ondaty school teachers from 
the Macomb Intermediate School District Mt, Clemen, Michigan yho.were 
. participants in a cbmbaned summer and i^service institute. Twenty-^ 
sevei\>.percent of sthe participants were women, 73 percent ipen, 37,8' ' , 
percent, junior-hdgh, ^and 62,2 percent , ^epior-high school science ^, 
teachers. Four variables related to computer usaga were studied: (1) 
•cognitive andraf f ective ch^ractejistics of the participants; (2). jjer^onal 
'dat£l concerning tl^ participafi?^; (3) av^ailabiiity of computer equip,- 
ment; and (A) ef fifec-tiveriess^f inserviee instruction, Irrformatlon 
collected on these variables included the teacher's ievel, of 'knowledge 
of a programming system. and of a cojnputer beiilg^used; teaching experience,* 
science background, mathemat'icfe background and Access, to a fermiaal,' 
^ It was^ indicated that those **whf) have' aocess/to computer' facilities 

wilf'use computer- technology to", supplemer};^ ^,t;heir instruction if they i-^ ^ 
^have had" trainin A.n relation to ^available *compilter bardwam and ^ft- \ 
---rarev" In other Wfrds, if they are trained to use, the com(jpter;on hand," 
, uifey .will use itjBif nojt, •=',tAey yon't. ^ \ * - • * , ; 

The findings- of the fhree studies are not sufficiently extensive ^ 
i^OT related to warrant^geneir^li-zations a • ^\ ' / ! • ^ ' ' 

* TalcnCand Creativity ^ - . * \^'^""^^V^^ 

Only one reQprt was found in thiS arfea although in' the late 1950 's 
and early 1960*s 'talent 4nd creativity were the subjects of n^ch research. 
The maj6r purpose of ^itfhwick's (317) effort was to prepare a monograplp' 
designed tp (1) identify talent ^eas and. their criteria, in the clas,s- ^ 
room; (2)' ''suggest methods and strategies* -f on identifying student'^ 
talent* Strengths and •v^eaknesse's; (3) identify methods and strategies for 
implementing a Multiple Talent Approach in'the science classroom; and ^] , 
(4^ Identify methods and strategies for evaluating^ 't^e Multiple ^Talent. 
'Approach in-, the^scien^e classroom. ^ ^ ' I ' * . 
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The Multiple Talent Approach to teaching emerged from Taylor's 
I research on creativity and higher level talentS' but its^ use and imple- 
mentation in <f he classroom were claimed to be minimal. Therefore, the 
monograph defined talent as ^ learnable set of intellectual .abilities 
encompassing creative talent, forecasting talent, planning talent, . 
decision-making talent, academic talent; science process talent, and 
group relations talent. * . 

Means for identifying talent were indicated as being human judgment , 
"~^he ALPHA Biographical Inventory, and Guilford's Structure of Intellect 
Model. ' Means for implementing the Multiple Talent Approach included 
program, sequencings talent .centers, the Inquiry Role Apprqach, the 
morpftological analysis technique, and the use of^^talent processes. 

In retrospect:, this, effort was mainly a literature review. 

Accountability and Co mpetenc>- Based Programs 

This section de^ls with a field that is receiving increasingly • 
greater attention from researchers. 

Saltinski (298) undertook a study to determine the conttensus - 
^majority) opinion of junior high school teachers on the issue of account 
ability and the minimal performance objectives for science education in 
Michigan (developed by the Michigan State Department of Education). 
The Delphi 'technique, described earlier in this review, was* used to , 
determine if teachers could arrive at a concensi^ (majority) of ppinions 
to the 50 items on a Delphi I ^questionnaire that was sent to an initial 
/ Sample of 170 teachers. The teachers were expected to respond to the 
items on a five-point scale rarvging from strongly disagree to strongly 
agree. The reactiqns of 127. respondents were, tabulated, the..results 
were returned to the respondents on a Delphi II questionnaire; and they 
were asked to reconsider their reactions and maKe any changes if they 
chose to do so. A total of 103^ teachers responded. to the Delphi II. 

The results showed t;hat teachers have stroftgly polarized opinions 
^ on most aspects of ^accountability, particularly with respect trf assess- 
mejit and teacher responsibility for student learning. Mo*st of the 
teachers, how.ever, did report agreemefit with many aspects*of the minimal 
. ^ performancie objectives for science education in Michigan. 

The responses were also studied in relation to ten variables 
' including demographic area, type* of school, grade level, science ^courses , 
sex, race; teaching experience, science organizations, undergraduate ' ' 
. school and ^credits in science. However, for any one variable there were* 
only a few survey items for which any significant differences of opinion 
were detected. In most of these cases differences of opinion were only 
• in .degree of strong agreement-agreement" or strong disagreement-disagree- 
ment. Black science teachers did appear to differ from white science 
teachers on a few aspects of accountability. Wit4iout regard for area, 
white teachers disagreed with taking responsibility for student learning, 
whereas black teachers agreed to taik« such responsibility "without regard 
for* area, urban *or suburban. 
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The Delphi technique did not result in any consequential shift of 
teacher opinion. • 

Kreuzer (181) dealt with the problem of biology teacher preparation 
specifically in the area of competencies, defined primarily as techniques 
In the teaching of^ biology. Two subp'roblems involved the ^degree to[_which 
' the presei;,vice teac*hers who were subjects attained the competencies ^ 
under considetration and comparisons of groups of preservice teachers, 
or students as tOxtheir attainment of e*ch competency. 

A biology teacher's checklist of 75 competencies was developed from 
^ an analysis of five modern biology textbooks and teachers' manuals and 
wei^e evaluated by 125 secondary school biology teachers who had received 
the Outstanding Biology^ Teacher Award (OBTA) . Those competencies that 
more than 50 percent of the teachers listed as either highly essential 
or -essential were used in the preparation of a final checklist of 60 
competencies. The .checklist was then evaluated by 155 senior biology 
major preservice teachers from 16 colleges dnd universities in terms of 
the degree tb which they thought they had attained the competency. 

The responses indicated that (1) the checklist bould serve a useful 
function; (2) the 15 ^most highly rated competencies are 'in, the categories 
of biochemistry, microbiology, plant growth and function, ecology, 
quantitative activities and clarssaf icatioh ; (3) preservice teachers do 
not have the maximal level of 'attainment of the"^ competencies judged to 
be 'of greatest value by outstanding biology teachers; (4) students who 
had completed student teaching or were in the prc^cess showed only a 
slightly higher degi;ee of attainment than those who had not student 
taught:; thus indicating the importance of prior preparation; -and (5*) 
neither students in private nor public college showed superior overall 
attainment of the competencies over the other group. ^ 

Berger and Roderick f34), in cooperation with four teams of four - 
to five"- teachers from the Ann Arbor, MichigaS-^ area, .developed lists of 
"characteristics a competent elementary teacher should have* in order to^^. 
teach science." The lists, comprising 230 characteristics, were then 
edited and evaluated on a scale of 1-7 as to their importance for ele- 
mentary science teaching and then ranked on a scale of 1-4 with respdfct 
to the extent of involvement the University of Michigan should have in 
developing each competency. The ratings of 14 teachers and four teacher 
educators were then analyzed. A competency was removed from the Itgt , 
if it was rated less than average in importance or if University of" 
Michigan involvement was rated in the lower quartile Isic]. IJhe Mann- 
Whitney U Test was used to test the significance of the difference 
between ratings of feachers and teacher educators. The 143 competencies 
that emerged were then evaluated by another 22 teachers and 18 teacher 
educators, none from the Ann Arbor area. The teacher educators were 
Invblved in science education. 

In the last evaluation significant differences were found, using 
the'T test, between teachers and science educators o'n 66 categorizations. 
Twpnty-five of 33 were rated as being more important,' or should be 
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attained eajrli'Q.r', by the teache/ educators^^ Teacher educators were 

found to ^lace less importance pn classroom discipline and record keeping,- 

and. more importance on ^^^rking with^'students, than did teachers. 

Zigl^r, Hendrix and Mertens (377) reported on a combined suhunerV 
inservic^ institute Held during the summer 1973 and academic year 1974-74 
designed to enhance science education, accountability and how a, school \ 
visitation, p-rogram by^ the Coordinator of the ScTipol Science Visitation \ 
Program in working with 'teachers, and administrators enhanced spinoff. ^ 

The' participants in the study were 39 teachers^ho attended at \ ' 
least part of the combined institute in 1973-74 at Baliw State University, V 
The eight-quarter hour course during the^^umnier emphasiz^^^modem biology 
* and 'laboratory investigations. The inservice follow-up, i^r^^^ing 14 
participants who lived within a 75 mile rad^us^of the univejrsity, was^ 
concerne^d with applying the knowledge^ and skills attained during the 
summer and then reporting the results. The participants developed model 
instructional \jnits with specific performance objectives, and teaching . . 
stra'te.gies. In addition, they were administered pre- and post test, the 
results of which were analyzed vith the Jt test. ^ 

The results indicated that statistically significant learning had 
tak^n place- during the experience and that the participants had -many 
complimentary things to say about the Coordinator. Unfortunately, the 
report did not come specifically to grips with wha^t ^happened to the 
accountability issue. ' ^ ' ^ ' 

Reineke and Welch (281) s6ught to examine- the degree of heterophily 
/ [differences between individuals or groups of , individuals ] which is 
indicated* between principals and teachers regarding the perceived adequacy 
of school conditions. De,aling with , the perceptual mismatches between 
teachers and- principals would appear to be an important first step in 
'* improving the educational environment in sthools. 

I As part of the NSF Comprehensive Program for Teacher Education, : 
questionnaires corfcerning various issues in -secondary scjiools were 
/administered to principals and teabhers- The questionnaires contained* 27 
^Likert-type items that sought evaluations of the instructional setting. 
The items oh the questionnaires to principals and teachers were -identical 
except principals were asked to respond in terras of how conditions* affected 
' science teachers, whereas teachers .were as|ked to respond in terms of how 
^h cnn^lLions affected themselves. . s 

* , '-1,074 questionnaires were received from, the subjects in five NSF 
Project impa-ct and control regions. Three of the region;s focused on 
science teachers and tv;o Ton mathematics. The number analyzed was reduced.^,^^ 
' to 984 since the only ones used ^'wer^ where hoth principal and teacher 
responded. ^ Multivariate ANOVA was used to compare the perceptions of the 
principals addc: teachers on five scales, Ef f ectivene^, Curriculum, Load, ^ 
Facilities,^ and Support. ^ ♦ ' ^ > 

V • Thfe. 'results indicated that principals tended to rate teaching con- 
ditions as satifactory or 'abbve except for Staff support (secretari&s , 
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laboratory assistants and paradrof essibnals) .whereas teachers rated three 
areas .as being less than satistactory~.Load j Facilities; and Support.. 
, However, the order of perceived adequacy was the same for both principals 
and teachers. 

Berliner (36) prepared a report of a- project of the California '/-^ 
Commission on T-eacher Pre"paration and licensing in which an effort v^as^ 
made to isolate issues concerning the evaluation bf (^eacher effectiveness. 
There is sotne question as to whether the effort c'ould 'be designated as 
res.earch but, because oi growing concern with these issues, it was 
included. Three m'Sjor/dif ficulties with research on the issues were 
indicated as being associated with instrumentation, methodology and 
statistics. Specific problem ateas include the inadequacy of standardizied 
tests, the unknown i/redictive ability of tests, from' special vteaching units, 
,Xhe problem of bui^ing multivariate outcome measures, the difficulty 
vith identifying appropriate teacher behaviors and the lack of stability 
of many teacher b^ehayiors, 

/ ' * ■■ 

Research is recommended in a number' of areas, particularly with the 
way student backgrounds affect teacher effectiveness, what subject matters 
, should be examined, and the Validity and generalizability of measures of 
teacher ef f eij^tiveness . . ^ • ' 

' J ' ' ' 

The studies on accountability indicate the rudimentary state of the 

art in this area. Many so-called studies are discursive or expository 
.reports rather than research. There is evidence that teachers are 
extremely wary of the assessmeht of teaching and accountability ^or 
student learning.il Also, perception^ of the existence of appropriate 
/ learning environments differ between administrators and teachers. Pro- 
bably most vexing is the difficulty of identifying what constitutes the. 
ingredients of the matrix, or matrices, gf desirable tea^hef behavior, 

' • ' • • •■ ' ' ^- f'w 

Science Achievement* \ ^ , • . " 

Twelve somewhat "maverick" studies were found that could best be 
categorjLzed under the nebulous title "Science Achievement." 

Young (372/' surveyed the material published in the Journal of Reselrch 
In Science Teaching , College Science Teaching ,- Science Education , and / ' 
School 'g^gience and Mathematics, from 1960-^974 in order to determine the 
number of retention studies tha,t had been performed' during that period. 
Of the 3,451 papers published, 1,086 were identified as being resea4?ch, 
with about two out of three being descriptive*. Junior high school and ♦ 
college students were the favorite "targets" for study^ Of the^ research 
studies, 41 dealt with retention with three listed aa bbitig "unsuccessful." 
The testing in 18 of the retention^ studies was,- donp six weeks or less j'^ 
after completion of the treatment. The results indijcate that few studies ^ 
* are performed that attempt to continue- work beyond the experiment* although " 
the 'percentage seems \to j;>e increasing.' . ^ . , 



Brooks an'd Ilounshell *f5»30 stuciied the vertical organization of the 
elementary school locus pf control and its relationship to science achi(?ve^ 
ment. Locus of control was identified as befing feither internal or external. 



In the former, the student perceives positive and/or negative events as « x 
.baling a Consequence of one's own actions arfci hence, under personal control. 
In dhe latter, positive and/or negative events' are perceived as being ♦ 
unrelated to one 'sown behavior and so are beyond or)e's own control. 

• ■ - ' ■ .* - ' . \ 

The subjects were students iii selected elementary schools who had 
entered first grade and were in t^e third year of attendance. There were 
three p^irs of schools involved, onfe school in^each being graded and the 
other non-graded.. The schools in the pairs were similar pn the basis of 
sconce curriculum, socioeconomic level and racial composition. The ^ 
superintendent, elementary supervisor yair*- principal of the. unladed school 
had to re'ach concensus of. similarity witn the principal of the graded 

.^school agreeing. [Reviewer]' s note: How valid this procedure for concensus 
i's^may 6e questioned.] Witftiin a two-wefek period the subjects were admin- 
istered the Childrens' Locus of Control Scale orally and the Stanford " 
Achievement Test in Science . T-scores frpm^the tests were analyzed with 

*the tedt. 

The results failed to indicate a significant difference in science 
achievement between students in graded or ungraded schools who scored 
high or midmost, on the Locus of Control Scale , although* students in graded 
schools who scored low had significantly higher science achievement than 
their counterparts in ungraded schools. A significant difference in science 
achievement was also found between high and^ low students in non-graded 
schools, presumably a funcj;fon of more personal responsibility. 

In summa^ry, students in non-graded' schools -with external (low) lociis 
of control scored significantly lower on science achievement th^n did 
students in the same school with internal loCus^of control and also lower 
than counterpart students with external control in graded schools. 

Garigliano (113) undertook' a study in which the purpose was nbt * 
staJted specifically although one may infer that it was to describe the 
Evaluation Supplements .used 'to. 'assist the teacher .with the evaluation of 
three areas with which SCIS was concerned > process, content and skills. 
.Ill particular., the stuHy describes' an evaluative technique within SCIS 
that is described iji Xh^ Final Edition a£. Interactions and Systems and 
in the Preliminary , and Final , Edition of Systems and Subsystems . V 

The data were gathered using the results on the Systems Test , of 
children in two s^chools* in which SCIS had .t>een used twb years, in- a formal / 
evaluation effort. The 125 third graders who had exposure to prior SCIS 
units also/ took part in the review activiti^es. 'They responded to 'a \ ^• 
systems test with wrinkled, folded* and smooth sheets of paper, with^ a "x^s'^ 
or No . \ ^ 

The analysis of the results failed to indicate significant differences. 
In the mean scores of the groups , jaithough the mean scores, coii/idering the* 
emphasis on^, the systems idea, seem* Ibw. It was 'expected that they would 
bi^.iiigher. Students at the level of| this group do not seem able to handle^ 
more, than one property at a time, foir example, numter\or kind. Only about 
h.alf of the third graders seemed abl^ to handlte more phan one property. * * 
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Mays. (213). examined the pqssible relationships between moral and 
cogn^^tive dev^opment of second and fifth graders, The subj^ects were 6Q 
children^ male and female, from the grades indicated in an elementary 
school in' Iowa City, Iowa. Their levels of cognitive development were 
assessed with four tasks, (1) conservation of^liquid amount; '(2) addition 
of classes; (3) attribute multiplicative classification; and (4) comple-' 
mentary perspectives. Their levels of moral development were assessed 
by presenting four conflict situations, (1) recigrocity concerned with 
value of life and' punishment ; (2) conservation of value* involving promise 
to peers and response to authority;* (3) perspective of viewpoint analyzing 
peer needs and rules; and (4) reciprocity questioning the roles of a 
citizen and humantarian, ' . ' , 

For anal]^sis, the t^sponse^ to cognitive tasks were classified as 
preoperational or concrete operational, and those to moral developraent^^^a^' 
preconventional level or conventional level. The level of petfonnance on 
*the cogYiitive tasks and to three of four of the moral judgm'ent tasks was 
not. found to be related to sex, whereas the grade level of the subject 
was related directly to the level of performance on the cognitive tasks. 
But, the relationships between the cognitive tasks ^ud moral judgments 
were 'not established in 15 bf the 16 possibilities examined. It was con- 
cluded that moral development lagged behind cognitive development. 

Linn and Thidr (200) gathered eyid ence about the effect of SCIS on 
the development -pf logical thinking inj^hi^dren by comparing f if th*^ graders 
who had studieH'.at le^ the Energy Sou*rces unit from SCIS with fifth, and 
eighth graders who had not, studied- SCIS, The subjects were selected from 
school districts where SCIS had been used for several years as well as from 
those presumably hot involved-^itl} SCIS, Inta^^t classes 'of lifth grader's 
were used in addition to one or two eighth grade classes similar to the 
fifth grade classes', . Seventeen school districts in seven states across 
the country with 92 classes and 2,29'0 subjects were among tho$e- that 
participated. * - « ^ • - * 

(e treatment involved the Cart Experiment in the unit ^'Energy 
Sources" that was available in final edition in 1971-72, The administrator 
used Che Experiment as a group test presented, on silent 16inm film since 
the presentation would be identical when replicated and could be u^ed 
economrsally . Those involved had standard- instructions for administering 
the treatment and, in addition, collected demographic and personal data 
on the student subjects. Two variables were considered -with the Cart 
p Experiment: height and surface texture • The subjects were expected to 
figure out the relationships 'involved in how far the cart would roll, - 
^The scoring had two parts, A and B, based on whether they marked the .effect 
correctly and explained it correctly, . ' . * ' ^ 

It was* concluded from c^n analysis of the results tjfrat, evidence of 
logical thinking as measured by ^the ability to explain* compensating 
variables was* more identifiabla>by, fifth grg^de students whq^tiad. studied 
\ ^ Energy Sourcas than by thos^e who had not, /They.al^o d^d about as well 

as eighth graders wbo had not,* It was noted that eighth graders \^ere mgre 
.likely^ to explain "compensation*' adequately than were fifth graders^ but. 
many .eiglf^h grader^ could not perform at Piaget's formal level. 



Despite the fact thaX the study was extensive, there was little 
evidence presented to lead to conclusive recommendations • . One wonders 
also about the treatment of studeiits did not experience ''Energy 
Spurces . " * * ' 

Voelker (349) attempted to determine the relative effectiveness of 
twA methods pf instruction in teaching physical and chemical change to 
elementary school children and also to determine whether the maturity 
of tjhe children represented by gtade level, was related to the children's 
level of understanding of selected concept^. Method 1 consisted of an 
Instructional sequence in which the leam^ar wa$ responsible for formu- 
lating the generalization that "a reliable criterion for classifying 
changes as examples of physical changes or* chemical changes|!ks whether 
or not a new material results* from the change/' Method 2 involved the 
teacher's formulating and stating the generalization. % 

» 

All children in grades four through six in a single elementary 
.school (four classes 'at each .grade level) served as the source of the 
subjects. ^Two classes were selected randomly at each gjt^de level, one 
class being treated with Method 1 and the other, with Method 2. The 
investigation covered four weeks with Treatment group 1 being taught, the 
^irst week and tested the second, and Treatment group being taught the 
third week and tested the fourth. After instruction, ten children from 
each of six classes were randomly selected for testing. All children had 
five 30-minute^ lessons on consecutive days with Wesson 1 being the* sam^ ^ 
for all subjects covering background material. Lessons 2, 3 and 4 
involved observation, descripjj^bn and discussion. Lesson 5 involved review 

^ During the te&tihg week, three verbal questions and 14 demonstrated 
and six described phenomena were administered. They were divided between 
'physical and chemical changes that^children were expected to classify. 
The results .were analyzed with' ANOfA. » ^ / , 

V, Significant differences were fcot found on the^erbal 'questions between 
the mean scores of the Method 1 gdbups and Method 2 groups for the fourth, 
fifth or sixth graders. ^ On the dinonstrated phenomena, the classification 
scores of fourth graders were signi/icantly greater for the Method 1 group, 
and at all grade levels for the /escribed phenomena. Also, it was found 
that the mean differences incre^ed in significance with grade level. 

It wa^ concluded that itjfiid not seem approp^ate to' teach physj.cal 
^ and chemical change- before g^kde six if large-*'^rWp instruction was used 
'*since maturation is a factor in understanding this concept*. The. rationale 
for thJCs conclusion is not completely clfar. f ' x , ^ 

Keeves (167) examined the ways in which the educational environment 
of the^home, the school and the peer group accounted for change in .per- 
formajQce in science and mathematics at school over the period a year 
^daring which the^s^bjects progressed from the elementary * school to the 
high school. The investigation was restricted to children in Aust^ralia 
who came from homes In which English was the language normally spoken. A - 
simple rai^dom sample of 242 cliildren'was drawn from those xvrho were in t\\e 
final" elementary scHo.o; year in 1968. All subjects were administere^d 
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specially prepared tests in mechanical arithmetic and mathematics, a 
generalj^ ability test, and an attitude questionnaire at the end of the 1968 
school year. At the beginning 'of the high school year the subjects were 
administered a science 'test arid, at*the>end, science anfl -mathematics tests 
and an attitude questionnaire • In addi/tign, data were collected on the 
structural and attitudinal" dimensions pf the home; structural character- 
istics of the classroom; ancH structural, attitudinal and process dimensions 
'of the peer group • t ' / ^ 

An analysis of the results Indicated- that the initial achievement^ an4' 
sex of the student influenced attitudes anci^practlces toward education in* 
the home, ^ HoweveiJ, parents attitudes toward, and . ambitions for their 
childrep, although dependent on past performance, contril)uted to' the 
students', final achievement levels, .If parental attitudes and * ambitions 
wdre low,, students were adversely affected • Also,* teachers who took 
refresher coilrs^^s and who were specialists in the 'subject, positively 
Influenced tfte Whievement of students,. A high level , of personal, affili- 
ation with tbe teacher lead to higher level§ of performance, * Science 
activities seemed to contribute to positive attitudes toward science and 
mathematics, but not t6 achi-evement . • ' ^ 

It was indicated that students ih "larger" (10-44) classes se^ed 
to perform better than those in smaller ones, and "engagement" by their 
three best friends in science and mathematics activities were found to 
>fcontribute to pdsitive attitudes towards science and mathematics but not 
to achievement. - , ' 

Again, one sees the important influence of the teacher. 

Johnson and Sherman (159) attempted to determine . pref now ledge of 
behavioral objectives af^^rted students ' ^ achievement in the Intermediate .* 
Science Curriculum Stucjy C^SCS) course'. In gathering the data, 180 
students in the Level TI ISCS course wer^ placed in matclaed experimental 
and control groups based on scores from the Iowa Tests o^ Basic Skills , 
Stanford Science Test , ,and ISCS Pretest, for Level II students. An ANOVA 
did not show differences between the twa groups. In the experimental 
group, st'udents were apprised of the behavioral objectives for the first ' 
five chapters, whereas the control group was not so apprised. Then, both 
groups were administered ^he same instructor-prepared tes;t, , \ 

An analysis of the results failed to indicate -a significant difference 
between the high ac'Rieving experimental and control groups on achievement. 
However, the low achi^^ving conti;pl group performed significantly better 
on the achievement test than, did, the matched control group. Thus, know^ , 
ledge o'f the behavioral objectives seemed to function positively f5r. the 
low achievers but not for the h^^gh achie\c,^rs. . . "^i 

Bombery (47) conducted a longitudinal follow-up study of- nintjK grade 
students who we^ placed in an Introductory Physical' Science (IPS), non- 
college preparatory, group and of studJ^ts who were placed in. a language 
course, college preparatory. The study was aimed at comparing their 
cognitive development, their further" selection of science courses in high 
school, and the/4xteht; to which student^ in the two groups went on to post 
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secondary education. Data were collected f rom^ their Form 80-C pe^rsonal 
record cards and aVialyzed by (1) Chi-square to determine group comparisons 
on categorical variables; (2) *^-tes^s to compare^ the'm(|bns obtained by 
each group for categorical and analytical variables; and (3) correlation 
coefficients to assess the degree of relationship between tests^taken 
before the ninth— grade and tests taken Muring and after the ninth grade. 

The results indicated* thav. (1) the IPS group i^ade greater achieve-* 
'inent gains from grades nine thr\igh twelve thaii di^ the language groUp, 
but still had lower achievement at the twelfth grade leV^l .than did the 
language gi^'oup; (2) IPS group members etirolled in greater numbers in 
advanced scfience courses in high school than would be predicted; and" (3) 
45 percent of the IP^^group indicated an active interest in post secondary 
education, although few werQ expected to continue studies after the 
twelfth grade -^when .they enrolled in the IPS course. 

It seems appropriate to examine the bases on which students are 
categorized college preparatory or non-colleg«e preparatory in their early 
year's, of high, sjchool. , " ' y ^ ' 

Newberry (239). attempted to determine (1)* if se*cond semester seniprs 
fn elective social studies and science programs would evidence greater 
achievement on the Stanford Achievement Test:*^ Hi^i School Battery (HSB) 
than their counterparts in a traditional .program; «(2) which group would 
demonstrate^greater achievement when HSB scor^ss" were compared with those 
fTom the DifferentialWptitude, Test : Verbal Reasoning (VR) plus Numerical 
Ability *(VA) ; (3) if the elective, group would show ftiore positive attitudes 
toward the curriculum' than /those in the traditional group; (4) if those 
in the elective gr^up achieved significantly highe^ grada-point averages 
th'an their counterparts; and (5) which category of stu<J^nts, based on 
* the curriculum in whichv they were -enrolled achieved higher standardized 
test scores, higher grade-point averages, and showed more positive atti- 
tudes toward the curriculum. , ^ 

The non-equivalent control group design^ was used with DAT VR + NA / 
scdires serving as pretest baseline data. The other instruments sfdminjlstered 
were the HSB Subtests in. Science A and Social Strudzes ; « Purdu^ Master 
Attitude Scale;' Any School Subject ;* an|d a socioeconomic questionnaire. 
The data were analyzed with t_,- j;^ and Chi-^quare. V 

The«-results of the analyses indicated that (1) with students of 
comparable socioeconomic status and ability level, the Scores ,on stan- 
dardized, tests of students in elective programs v/ill be as high as those 
of student^ in traditional programs; ^2) attitudes^ of those students in 
elective programs are not found to differ significantly fJ\pm^ those of 
students in traditional; (3) with students of comparable socioeconomic 
status and, ability levels, those in elective college preparatory programs 
will score as well on achieven\ent tests and show attitudes as positive 
toward the curriculum as. those of their coynterparts in traditional 
programs; lind (4) differences in scores on standardized^ tests f^vor males 
whereas grade point averages are higher for females. 
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If any specific conclusion could be made it is» that "bright students 
will perform. better thah those less endowed*" • 

» 

Lawson (186) assessed the Piagetian level of performance of males ' 
and females on two manipulative tasks and on a pencil and paper examination 
of concrete and* formal rea^ning abilities with a view to answering four ^ 
questions: (1) ^o males perform at a significantly higher (more formal) 
Ifevel than ^females on mani^pulative tasks of concrete and formal reasoning? 

(2) too females perform at a sigtiificantly .higher (more formal) level 
than males on a writteii examination of conci^Ce and formal reasoning? 

(3) Coverall, ^o males and females demonstrate significant differences in 
their ability to ceason formally? and (4)*Do the manipulative tasks^ajid; 
pencil and paper examinations .seem to^ be n^easurin^" different psychological 
parameters dependent on the sex of the examinee? ^ 

. The subjects were 62 high \school .students, 31 males and 31 females, 
randomly selected ^from Delphi High School, Indiana,, who w,ere enrolled in 
a required sectfhd semester biology cojarse. The manipulative tasks admin- 
istered by c^^^ssroom instructors consisted of 14 items in three categories: 
(1) proportionality: early formal; (2) pi;bpositi6nal logic fully formal; 
and*(3) combinational analysis: fully formal. They were^also given 
additional measures in wh'ich materials were handled including the conser- 
vation bf weight task with clay and volume displacement with metal 
cylinders\ Significant differences between^ males and females were measured 
with th^ Mann-Whitney U Test, > - 

It was found that for all measures, the. mean levels of males were 
higher than those of the females* Significant differences we^re found at^ 
the *02 level for manipulative "tasks , but thfe difference was significant 
only 'otv^the prepositional JLogic section of the p\^ncil and paper ex^inations. 

Bennett (32) indicated that one of the primary proposes of his investi- 
gation was to determine, what influence particular 'high school programs have 
•on achievement in college biolo'gy, with achievement defined as '-the ^'final 
grade a student receiveS in his first college biology course." The subjects 
W^re ^57 Iowa State University students selected from all freshjiuin enrolled 
in beginning biology during one semester* The subjects were d^tinguished 
by five faictors, (1) the one of the six biology groups to wlvdTch **the/ ' 
belonged;" (2) the college in which they were enrolled; X3) ( typef of ^college- 
laboratory; (4) whether tliey had talcen high school chemistryVand (5) sex. 
The term "biology ^^oups" refers to the text materials us6d in. high, school 
biology, -Four variables wer,e used in/-a regression analysis, scores on the 
(1) Minnesota" Scholastic Aptitude Test (MSAT) ; (2) Minnesota Placement Test 
(MATH); and (3)- English Placement Test ; and '('4) high school rank.' 

The analyses indicated that, subjectivfe-ly , college biology instructors 
b^^lievcd that BSCS programs at the high school level provide a better pre- 
paration for beginning- college 'biology altjiough * tha better stjudents tpok 
other programs. Also, those who had taken J^gh school chemistry did signi- 
ficantly bett;er in college biology although the high school laboratory 
program did not, seem to affect achicvc^ment. Scores on the MSAT and MATH 
were found to be better ^ predictors of success in t:oriege ^biology than was 
high school^ rank. Sex was also found to be a predictor with males performing 
better than females. 



^^^^ Several statemants. were diffi^cult to analy:^e; "Two significnat inter- 
^ actions were found'' in "biology by laboratory'* and ''chemistry by sex"; 
VThe laboratory for 'majors* seemed _to be a contributing factor"; "Then in * 
turn, males who had high school chemistry were 'significantly different." 
Also, "there were no differences found between colleges, nor between stu- 
dents who took a .laboratory, based on high school background." 

As'wlth a^'titudes and processes, the influences on achievement are 
elusive. Interactions among influencing ^factors obviously exist, but their 
identities are difficult to ascertain. T)ie only identifiable factot that" 
continually shows :5itfluence ds the teachet. 

Special Problems \ * . ^ 



- A nunibex of* studies could have been pl^tced in some of the categories * 
already covered. However, the studies deal \^ith unique facets of those, 
categories and so a section entitled SPECIAL PROBl^EMS was established, with 
a number of - subsections under which the studies were reviewed. 

Early-Chiiaiiood Instruction * ^- / 

Seven- reports were classified in thi& category, one of which seems to 
be quite similar to another that was reviewed earlier with the same two 
authors listed^ v \ 

y " ^ I ' ' ' 

One by Reisdorf (282), which seems to be mor^ of- a p*hilcrsophical 'essay 
than a ^research study had five objectives to: (ij analyze and integrate in 
a historical cotrtext the various theories and concepts of play*; (2) postu- 
late a descriptive construct called "playfulness,": (3) examine the historical 
distinctions and relationships between work and play, and prostulate-^ * 
synergetlc • relationship "between playfulness and wor^; '*^^) investigate the 
elementary science curriculum to determine how the ^ynergetic relationship » 
between playfulness and work can be nurtured; and (5) explore the potential 
of SCIS for nurturing the synergetic relationship, \ ' " ^ 

The researcher indicated that many individuals believe that the^ unifi- 
cation of work and play are v^tal; that If such a syipiergetic relationship 
is nurtured, a student is encouraged to open hi^mself in playfulness and 
sustain progressive actipn in work and integrate and fulfull himself in the 
Interplay and interaction of playfulness and worl^. SCIS professes to be*^ . 
consistent with the de.velopmental psychology of Pia'^et arid* sq it does have 
a conceptual framework for nurt<iring a synergetic relationsh*ip between 
playfulness and work-. ' . • ^ * 

Powell (273) attempted "ito asq^^^tain young children's concepts relate^d 
to the* following areas ^f time andv change;* (1) General Divisions of T imq, 
<2) Historical Tiipe , and (3) T ime >nd the Life^ Cycl e." The dafa were 
gathered with a specially developed instrumen»t called -the ^Time Understanding 
Test (TUT) tKat required the sorting of stacks of colored photographs in ^ * 
fifteen different tasks with a minimOm of verbal* responses . A reliability 
study indicated that the instrument was -suitable for use Iwith preschool 
children. The sub jects *con?isted of^ 90 .children (three, 'four and five 
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years old) -who were randomly selected form eleven preschool prpgrams in 
Stillvrater, Oklahoma, The investigator interviewed the subjects at their 
'schools. The responses w6re analyzed using ANOVA.> ' 

The results of the analyses indicated that tliere were significant 
dlTfercnces among the children in all three areas of time and j:hangq based 
-on age. Significant differences were not generally, found on the basis of 
sex, except males scored sigrfif icantly higher in identifying ages of autp-r 
mobiles and females significantly highet ^in identifying ages of women. ^ 
AI§o, it was found that the' concepts of Historical Tim;^ c^nd Time and ^the 
Life Cycle were more closely related than either was to the concept dt ' ♦ 
'GeneraJL Divisions of Time (weeks, months an^ years)* in the curri^:ulum for 
three and four year olds but if may bfe ap'propriate ^or five ye^ar fel^s. 
It was found that preschool children are interested in history and Ufa 
cycles of plants, animals and people and have an impressive amount -of know- 
ledge in these arenas. Lt was. found, however, that'as children grow older^ 
and learn more about life cy'c^b^s of people, they become more negative in 
their attitudes toward elderly people and growing old,*-. 

The study was unique and yielded much valuable inf^ormation fgr curri--' 
^ula for preschool children. 

Judge (163) compared, preschool- cViil^iren using, the Montessori *Meth'od 
with those using SAPA on the skill of observation. The study had two parts. 
In the first ^part, in.Qrdej: to ehsute that 'the two programs had common 
5hjectives, they were corapated v/ith respect to CD the sequential presenta- 
tion; (2) the use of , materials to provide sensory train iilg; (3) practice 
acquired through activities; and^(4)-the ro3.e of the teacher. In the second 
part, the competence on obserjj/ati^ncjl tasks of three groups of ^children ''was . 
investigated, the first group receiving Montessori t^al^ang for\two years 
in preschool^ the -feeconri using SAPA ^or one y8|Lr with a- backgrouml of another 
in preschool; and the third group had neither Montessori or SAPA in pre- 
school. The instrument used for comparison ^as a set of obsei^vatit^ial 

tasks Jrom the test,.* The Science Process Instru ment (SPI) * < " ' ' 

, ^ ' . \ \ = — 

The analysis in 'the first part of tjie study indicated that the simi- * 
larities between, and common el^ements in^ the two programs? "were evidence 
of congruence.^' The' subjects in the second part were 75 upper-mi^ddle classy- 
preschool children (5-6 ^ear of age) 25 of 'whom were enrolled in a Montessori 
School in -Dallas; 25 in a private, kindergarten in San Ajibofiio where appar- 
en tly SAPA was uped; and 25 in a j>riyai:e kindergarten in which neither the 
Montessori, Method nc5Y SAPA was used - this group t^ein^ the control, The' 
selection of subjects was based on socioeconomic level , ''years in school, 
(and age. The 'SPI was administered individually by the investigAor to all ' 
subjects. Tha tes^t included 68 tasks with the administi^ation t;aking 1044Q . 
minutes since after three incorfect responses testfng was terminated, ^ 

• Significant differences wqre- no.t found between the Mpritessori and SAPA 
groups on the ob^sertvational task^ although it was claimed that SAPA children 
acquired the skills in a shorter time.> It" was indicated that apparently - 
neithcj: group needed to be taught the prdte^s of bb^ervaDibn; At best, the 
findings were inconclusive. • * ' . *' 



. Miller (223) investigated the relationsKips between p.e;rceptual-inotor 
and conceptual growth, with two hypotheses in mind, (1) children who ares 
^delayqd in' perceptual-motor development will also be delayed in concepts 
of space,, time and quantity; ^d (2) perceptual-motor intervention will- 
•effect changes -in the development of these concepts. The subjects were 
359 children in kindergarten and first grade who, were initially screened 
on measures of gross m^tor development with,tK^ Martin Screening Test (MST) 
and -the Berry Test of Visual Motor Intes^ration (VMl) . Groups as defined 
by low scores oa the MgT, VI^II and boAi tests wera randomly assigned by ' 
grade level to three intervention programs , (1) Individualized perceptual- 
motor; (2) iGroup perceptual-motor; and (3) Distar. A fourth^ group remained 
In the classroom and did not receive intervention. 

Prior to treatment, all kindergartners. were administered the Boehm: 
Test of Basic Concepts (BTBC) and. those assessed as having delayed percep- 
tual-motor development were compared .on th-ert5asis of BTBC with the remainder 
using a one-way ANOVA. A significantly lower conceptual le^^el in spaced 
time and distance was found for -those children with delayed perceptual- 
motor development. • . 

c * After three 30-minute treatment sessions per week for 11 weeks, the 
'four groups were again administered the MST, VMI and "BTBC, and d-iT addition 
the kindergartite*e-^ere administered the Metropolitan Readiness Test <MRT) . 
The main effects^ and interactions among programs, groups, sex and grade 
levels were assessed with ANOVA. ' The results 'failed to indicate signifi- 
cant differences among the means' of the program and classroom groups. 
Consequently, it appeared the>intervention did not effect changes. It was 
concluded that increases in MST and BTBC scores are probably fiore affected 
by school and maturational factors than by. specific short term interventions 
In brief, children mature at diff0.r:a^ rkt^es and, ^Ithey canAt be pushed.'' 

Holliday and Partridge (145) evaluated "a rather practical procedure 
for de^ennining the optimum sequencing of pictorial classification tasks 
'using. mean dif^culty.I' The effects of three presentation se^quences of the 
science tasks were experimentally evaluatea^ in terms of student performance. 
The subjects in the "standard sample" (control) wer§ 51 second graders and 
in the experimental sample,, 134 second graders all -from the same Calgary 
Mberta elementary school ranging in age from seven through eight year^. ; 
• ^ ' I . ■ . / ^ , , . '\ * 

Fifty-six mult iple^choice classification tasks were developed, e^ch , 
requiring the .subjects to sort pictures of domestic animajbs, familiar to 
North Americans,' on characteristics such as position and size, or shading 
apd size; The experimental students were assigned randomly to one of three 
groups, ascending treatment^ random .treatment, and descending treatment. 
Three animals at the top q% a sheet' of f>aper had the same characteristics 
whereas of four at the bottom^' only one had the characteristics. « The sub- 
jects had to mark the one at, the bottom that "fit the top." In a trial 
run, each subject received 56 randomizc^d tasks^ in an individually sequenced 
order 'to determine task difficulty. Jn the final test,* 17 were, used for the 
Experimental 'treatment . 'The results indicated. that a highly consistant 
seirvies of pictorial classification tasks sequenced in an .ascending order^ of 
difficulty resulted in better *classif ication performance than ;lid a random 
order, and a random order was more effective than was a descending drder of 
difficulty. « ^ , ' 



) 



V ' 

200 ./ ' 



\ 



Barufaldi and Dietz (25), in a study similar to Ba'rufaldi and Diet^^ 
(24) and Dietz and Barufaldi (89) , investigated "the effects of different 
types of visual stimuli (solid objects^, photographs , and drawings of the' 
objects), grade level (mean age} and sex of the subjects and the inter- 
relationships of these factors, on the performance of children qn visual 
observation and comparison, tasks rfocusing upon the four physical .attributes 
of color, size, form, and form detail." * / ' ' 

The subjects were 240 students selected randomly from grades one, two, 
four, and six from two elementary schools that were 99 percent black and 1 
percent Oriental, Two solid^ot jedts, a cube and a cylinder, were constructed 
and then photographs and drawings were made of them. Fourteen vislial and 
comparison tasks were prepared, three focusing on color, two on size, five 
on form,, and four on form detail. At each grade level,, three random groups 
were formed, one of each of the gr'oups doing the tasks on the objects, 
photographs or drawings. A correct response wks graded as one, an incorrect 
as zero, • ' ^ - ^ 

The results failed to indicate significant differences among the' groups 
in terms -of color, or signific^t differences within grade levels on size 
insofar as treatment (object, photograph or drawing) was concerned but 
there were significantly more responses as the grade level increased. With 
form there were significantly more responses with objects than with photo- 
graphs ^nd with photographs than with drawings. Also, sixth graders had 
significantly more correct responses than younger children, and the same 
was true with form detail. It was noted that females made more correct 
color responses than Sid males. 

The study apparently supported ^fhe faCf that the more real materials 
are, rather than simulated, the greater is. learning, and that, as is well* 

tnovn, maturation produces better per^f ormance. 

. - ^ >\ 

Peterson (264)' investigated the curiosity behavior of groups of child- 
varying in age, race, and sex, as they waited alone .or with a strange 
adult in a room filled with curiosity-arousing objects, • It was predicted 
that the adult *s presence would have a differential effect on the amount 
of curiosity^ behavior the children expressed through sensory-motor responses 
depending on( the variables of .age, ratae, and sex. The subjects \fere '245 
students, 53 percent l^oys and 47 percent^girls-, from four grade levels in 
elementary schools in Berkeley, California. ^ These included 60 kinder- ' ^ 
.** gartner^ and 61, 61 and 63 from^grades two,' four and six, resf)ectively 
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The sample consisted of 50 percent Black, 41 percent Anglo, 1 percent ^ %^ 

Chicano, and 8 percent Oriental, The* classes at each grade level wgre^^^f* 
self contained- and racially integrated, and supplemented randomly. J^dta^^^"^^ 
other classes to maintain 3CP5ubjects in each class *with one^ eict^V'rijRental ^ 
and one contrbl group at each level, .^.^a 

* . - ' ^ . ' 

The children were invited to be ijtiterviewed_ but on arrival there was 
a planned delay. They could do as they wisl\ed "^in ^the "curiosit'y*-arousing'* 
•room, with experimental group children left alone with an adult outside 
the room to answer questions. With thd control group children, an adult 
was seated at a desk in the room and* appeared busy. The curiosity-arousing 
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ipaterials were both living and "dead," half being familiar and half novel. 
The activities of the subjects were monitored by* concealed video camer-as 
and classified as ''^approached and touched object," "approached and mani- 
pulated object," and "approached, manipulated and reorganized materials," 
The responses were tallied and analyzed with F and multiple t^^s. 

The results indicated that (1) with the experimental group and the 
adult absent, older subjeicts showed more curiosity, but with adults pre- 
sent thtire was ab^out the same curiosity with all groups; (2) -blacks in both 
the experimental and control groups showed more cijriifcsity than whites; (3). 
generally there was more curiosity when the subjects were left alone but f 
this varied -with groups; (4) childrea between seven through twelve ^ears 
of age wejre^more curious ,when left alone, with the opposite beijig true for 
those of ages f ive through, six; (5) black -experimental children ^showed more 
curiosity than black control; and (6) the presence of white adults cur- 
tailed black curiosity, but the expressed curiosity^of white children 
differed little from that of black children when a white adult was present, 
\ ' . • 

^ Other than the study by Powell (273), little that was novel was 
revealed by the studies in this section. Achievement was not found to be 
9 function of the type of learning mdterial; as students matured, their 
knowledges and skills matured; and, in general, without the presence qf a 
"strange" adult children are likely to do more "messing around." 
I . • . ^ _ 

Career Education 

I Jn one area that has received much ^attention recently, it was sur-* 
/prising to^find only two studies. The first Ijy.Lee (194) was a study of 
^career choices and career patterns of men anSwomen who chose the- fields', 
of science, mathematics, or teaching ^s an occupation, The data for the 
study was [sic] collected from the Project TALENT D^ta Bank and included 
those from students in grades nine, ten,,. eleven, and twelve during the 1969^ 
school year when the initial data were collected, Ti^^enty-twO predictor 
Variables were considered and their relationships to occupational gtoupings 
were examined. Followup studies for career decisions ^ere made on. one- 
year, 11-year and 14-year bases with intention? for a -20-year followup. 
The report of the. study was extremely difficult to follow,- A number of 
"holes" irt the data seemed evident to the reviewer and his opinions were 
supported by several peers. However, some findings and conclusions appear 
below, ' * * \ 

c 

It appeared'^ that choices in some career fields*- cixhibited much greater 
stability' than ot^hers' but nearly all showed a big dropout from career <:hoice 
"five yeara. later," Apparently, about 50 percfent of^ those w6o chose mathe- 
matics, physical science,? and /biology' asr careers when! in high school 'and 
*were involved in training for th9se fields one year later were still 
Involved five years later, witU apparently 90 percent stability tn engi- * 
"ne.ering. The factors that seem to supply the greatest discrimination in> 
stability among career groups, are sex, mathematics interest^ sociability, 
and verbal knowledge. But, it appeared obvious that intentions expressed 
in high school are a poor criterion of wjiat actually happens. 
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The^study, at least in purpose, had much to commend it but the inade- 
quate^ and in some cases incomprehensible, reporting plus the- lack of 
consecutive paginati<^ in Chapter Two, suggest that it might have mpre 
merit if it were rewritten. The only point that stands out is that^the 
career choices of girls are more likely to be corisummated than those\o£ 
boys. * ' ' ' , ^ 



Klatt (173) set out to determine the extent to which the science <^ur- 
ricula in the public schools of Xrizona were proyiding the science founj^a- 
tioas required in selected occupations. The data were collected by meani^ 
of twG questionnaires developed by an analysis of 55 s^cience textbooks to , 
determine what science topics wer^ usually taught in grades 1-12. The ^ 
topics were used to devise a questionnaire (curricular survey) concerning*'^ 
the consoliciated seven through nine science curriculum and the curricula 
in^ biology, (Chemistry and physics. •The questionnaire was sent to science 
teachers in randomly selected Arizona schools to ascertain what tdpics 
were bping/ taught and the* degree of emphasis on ea(jh topic. .The 'topics 
from t\ik textbook analysis were also used to devise an occupational ques- 
tionnaire that was mailed to agencies that represent the occupations under 
investigation. The agencies included labor unions, business and trade 
associations, government bureaus, and businesses. The responses to the . 
items on the questionnaire indicated science-knowledgi requirements on 
24 skilled and 24 professional occupat iotjs . Among the 24 s^^^^led o^ccupa-* 
tions were air conditioning mechanic," carpenter, photo^ngraver ^hd truck ^ 
dri^ilr, and among the 24 professional ware accountant, dent^^t, musician,, ; 
physician and reporter. , 

^ , Klatt i^ed' t^ test "to determine the relationshl^p [si^] between the 
curricula and requirements'* by means of pairing the' "sdience-topic mean 
ratings for each occupation, ."^vith the corresponding mean cuuricular- 
ratings." The results indicated' t|iat{ (1)' the minimum-required le^el of 
instruction suffices for ten skille'd.,and three professional occupations; * 
(2)^continuation beyond'tthe mihimum^level suffices for an additional Jl 
skilled and four ^^professional occupations; (^) earth science biology 
have little utilitariajj valbe for the skilled occupations.; (4)^hree 
skilled and 17 professional occupations require science experiences beyond 
those offered at the high-school level; and (5) skilled occupations require 
less science knowledge than the prof essional. 1 . ' 

It" was concluded that "public-scjhool'^^cience curricula were 'found to* 
be adequate in scope an^ depth of coverage^" * ^ - ' 

It is difficult to generalize about career educatto^ from two studies, 
one o^ which dealt witff^'the situation' in only one state. 

Science for the Handicapped . . 

^In.an area in which greater attention is now being paid, only* two 
Studies were found; one a review of reports, some of which were n^t rese 
In the first study Rowe (291) ''reviewed** 19 research studies related "t': 
provision and adaptation of science programs with children with v^io 
types of handicaps. The term ''handicapped" covers the gamut of the 
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the /reluctant readers and the physically handicapped from whom science 
programs are withheld because of the need for other learning activities. 
tom^ oi the studies could be construed as research whereas othet§ vere not. 



The findings were basically an impassioned plea to provide. more science 
for the/ dis-advantaged, since low socioeconomic groups, the handiCjapped and 
tne poor readers need mbre science to overcome the deficits they already * 
have. ; ♦ * 

The reviewer would not challenge the need to. do more, but the invesr- 
tigator apparently was no t^ aware of published materials describing many 
'things that have been done 'since these were not mentioned among the 1-9 
studies reviewed. - * ' . ^ 

Linn and Thier (200)', according to the published materials, disciissed 
the conceptual framework of the Science Curriculum Improvement Study (SCIS) , 
explained how §CIS was adapted for the visually impaired, discussed 'the 
aspect'fe of thfe progrjam^that mal<:e it relevant for visually- impaired* child- 
ren, and presented 4ata showing;;,how the program affects children who differ 
in age, intellectual ability, and manipulative skill. The project was ^ 
referred to as "Adapting -Science Materials for the Blind'*' (ASMB) . 

A number of SCIS activities were adapted for us'e with visuallyr impaired 
children and Vere teisted by classroom teachers of the visually impaired 
with sniallygroups of four, to* six in a residential school. Th^e types of^ 
- evaluation wer^ .used, (1) manipulative measures (pouring,* filtering, and 
keeping track p£ object^s) ; X2) , concrete measures (describing the environ- 
ment of an organism, constructing-a histogram); and (3)* process measures . 
^interpreting experiments). The materials were tested with sighted :childr en. 

• » 

T % noted that (1) visually- impaired children spent more time 

I e^loring than did sighted childrefi-, (2) low-ability students had lower 
/ ^ ^ j scores than^ above-average ability students on pretests, and (3) both low- 
*/ ability and above-ave^rage students made significant -gains in- manipulative 
and concrete measures. The greatest gains occurred for above average 
students when they studied the second ASMB unit.- 

The reviewer had the^ opportunity to examine the ASMg^aterials at the 
American Printing House for the^jBlind, Louisville, Kentucky, and it was 
' his opinion that they exemplified ''show and tell" rather than inquiry. 
Also, it is his opinion that the "units" were considerably less sophisti- 
cated than 'tho^e, developed more than.a^^cade ago at the Colorado School > 
w for the Deaf and Blind, Colorado Spfii^gs, Colorado, and at the Florida • 
School for the Deaf an j the Blind, St^^ Augustine, Florida, Also, the AS^^B ' 
materials are expensive. f 

^ > . ^ . '' ^ . ' 

Both of the studies in this section were more discursive than research 
oriented and neither contribtitred greatly to the literature concerning 
science for the handicapped. . 
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Bilingual Instniction 

Juarez^(162) , in the one study in this area, attempt^ to (l<^ermine 
if single language inst,ruction was **inoce ef ficaciaus .than bilingrrai-^ 
Instruction ih a science context" and to investigate the transfer of learning \ 
science. content and process* skills from on^ language to another. The sub- 
jects were 104 fifth graders'* from two schools in each of Las Vegas and^Las * 
Cruces, New Mexico, who had bilingual education far at least four years.. 
They were randomly^ assigned to one of four treatment groups in each o^ the 
*four schoolsr and were instructed in subordinate and superordinate 'units of 
science. One group received both fortos of . instruction in English;^ onfe, 
both in Spanish; ^rtd the" other two had one in English and one in Spanish. 
Subordinate knowledge was conceived as building or depencfing on other. 

tordifiate in sequence, whereas superorrfiriate refers to "more com- 

pleJ^^kills/'^b1ut the .lat^ter is not clarified by the investigator. ' ' ' > 

^ * * I , ^ > ' ^ I 

Three measuijes w^re administered, two of which sampled student perfor-/ 
inanice*in science activities, one afjter 'initial science instruction and ond 
at the ei^id^ The I third measure was administered for' student language prefer- 
ence and attitude toward science instruction. ' 

^ .L J 

' The major finding vas- that there were no significant differences among 
treatment groups receiving instruction bilingually and^ those having single 
* langtjkge instruction. The students receiving total instruction in English 
were"; nqt, found tq^ perform better On the dependent measures than thos.e. 
receiving Instrificfei^n in Spsfcnish, ^nd students receiving instruction ^in 
botfi Spanish and ^r^lish performed just as well a,s those instructed in a 
singl'e language,. Bie stadents di^ exprgss» a preference for a bilingual 
' environment ;as iopi^osed .l6o 'a moKolinguar. • ' 

. j . . I' ' * 

Ethnic-Based Ii|stnictiori; ^ ' . 

. Snow (318^ attempted jto determine whether the use^ of ethno-science 
exemplars in sdience concept development would; increfase the academic 
achievtiment o^f Navajo students at the Many^ jg^^^ School in Many Farms, 
Arizona. "The fethno-science of the ^Javaj^ref er^r to materials, topics, 
and Ideas from Navajo technology. The techholcygy and ^subsequpnt ethnot*- y 
science exemplars were dbrived from the jJast >mid present cultural traditions, 
of the Navajo which in turn evolved fjrjdm mvtns and/teligiqu^ beliefs /as 
well a$ from the ongoing acculturation prp^ess." / 

Six conservation^ ulits were/Used^o.\te^t/fche effectiveness of the 
ethno-scien^ce ej^emplars] namely "OA^'^razingf" "Water Pollution No. 1," 
"Water Polll^tion No. 2," YkU^^ ^nd "Timber and Wild- 

life." During the iastru<^t4pn,^y^*ca samples and the Navajo n^mes.for, 

plants were Wsedjf or the'^^^thij^scrien^ , classes , ^nd slides of erosion w6re^ 
from the reservation 



The subjects 
reservation boar 
of "Indian Affa«:, 
assigned oXy^ npn 





ndary-^school 'stude?nts attending the ori- 
chool^or ^American Indians operated by the Bureau 
nrts,* Arizona. V/hen they arrived, they were 
to fiix biology Classes taught by two teachers. 
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Apparently, the three .classesr of one teacher used .ethno-science exemplars, 
vhereas the other three classes did not. Each unii was followed by a short 
multiple choice examination and at the end of the Itudy*. the studei^l^'s - 
attitudes toward science was measured • ^ ^ 

• • « < ^ 

A comparison of the results of the two groups on the teacher-made 
examinations failed to indicate any general significant differences betweei^^ 
them. However, for one unit, "Water Pollution Noll," the ethno-science 
group performed significantly better than 'did the non-ethno-science group. 
This was the unit with the greatest number of ethno-science exemplars and 
hence, it was concluded that such exemplars should continue to be used. 
Jt was noted that attitudes toward science were positive and, consequently, • 
the use of such exemplars did n6t have. a negative effect. 

* • • . 

In the second study dealing with ethnic iastruction, Kl^inpeter (174) 
listed four purposes, to (1) determine how teachers perceive the use of 
multi-ethnic instructional materials in secondary-school science; (2) 
discover the extent to which instructional materials reflecting multi- 
ethnic identity were used by secondary science teachers a (3) discover 
teachers' reacfrion to the use of science taaterials reflecting multi-ethnic 
identity; and (4) identify science instructional materials which reflected- 
the multi-ethnic emphasis in their content, form and substance, Th^ sub- 
jects from whom data were collected were 200 secondary science teachers' 
from randomly selected schpol districts in Kansas, Louisiana^, and Michigan,. V 
all of whom were teaching at least' 9ne science course at the time of 'the 
study. The data-gathering instrument that was administered contained 14 
items in the categories: "Basic Data;" "Perception and Usage of Multi- 
Ethnic Content" and "Open-End Opinittns." The responses to the instrument - . . 
were analyzed using Chi-square. 

The results of the analysis indicated that (1) science teachers in 
predominantly white schools used multi-ethnic materials less than^ did 
those in schools with predominantly non^white populations; (2) the teachers 
generally realized their responsibilities to a multi-ethnic society; (3) 
. multi-ethnic materials were used to a greater extent in large than ^small ' 
schools; (4) female teachers wer^ mcJte familiar with multi-ethnic materials 
than were males; (5) teachers in large schools had greater insight concepiing 
the roles of instructional materials in science teaching and into human, 
values; (6) teaching experience was not relate* to teacher perception of 
the need for more multi-ethnic instructional material; andsj(-7) secondary * 
science teachers did not make much use of multi-ethnic material and what 
they did use was chiefly supplementary and from tnagazines, newspapers anfl 
pamphlets, ^ > • • 

Obviously, two studies can provide only minimal data but they do not 
Indicate extensive use of multi-ethnic contenl:*T)y secondary science teachers 
and where it is used, as with the Navajo's,' the effect on achievement is 
not marked. i * 

Minori^ GroiipJfnstruction " ^ 

Four studies were found that dealt with^mincfrity-group instruction, 
one at the secondary level and three at the post--secondary level. 
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With high^^hool students, Lawspn, Nordland and Kahle (189) examined 
th€ relationship among scores on ten Piagetian tasks used to assess levels 
of concrete and formal reasoning and problem solving abilities, anti scores 
on a standardizedl reading examination. The subjects were 35 students, 18 • 
males anid 1,7 females, selecr^d from an urban high school in which enrolleee 
were pr^doipinantly Black and, Spanish American, * x\.l . * * 

.? Tfie subjects werjB .aciministered the Sequential Tests of^^3iitfafWnal 
Progress (STEP) - Reading Form 3A xjlth the sub^cales Reproduce Ideas, ' ^ 
Translate, Make Inferences, Analyze Motivation, Analyze Presentation and 
Criticize. The ten Piagetian tasks were in the levels Preoperational I; 
Early Concrete Operational II A (conservation of number, substance, length 
and continuous^ q,uantity) ; Concrete Operational II B (conservation of area* 
and. weight); Early Formal Operational III B (separation of variables and \ 
exclusion of irrelevant variables). . i 

When _r s were computed between the scores on the reading test and 
» those 'on the Piagetian tasks, it was found that those </ho 'scored Highest 
on the Piagetian tasks al-so scored^ significailtly higher on the reading ^ 
exanfinatiort (which was not surprising). It Vgglc^/ncladed that ^he relation- 
ship between Piagetian total scores and STEP Reading Total Scores wa'^s 
linear and highly significant. These relationships vere also evident . 
between scores on the separate Piagetian' ta^ks and the reading ^ubscales:. 

Kinnebrew (172) indicated a three-fold purpose'in hi^' study,- ^tfo.<Kieter- 
mine:, (1) the number and description of programs designed to eliminate^^ 
obstacles facing minority students enrolled in courses in mathematics, ' ' 
science, technology and the allied health fields in community and junior 
college; (2) the stated position of selected c6mmunity-j unior colleges( 
governing personal efforts designed to eliminate obstacles facing minority 
students to matriculate in the fields listed above; and (3) the extent ^to 
vftiich minority students have programs available that encourage them to 
enroll in courses leading to the completion or majors or «cert if icates in 
the fields listed al5ove. The emphasis of the study focused on three minor- 
ity groups, the American- Indian, the Black and .the Mexicaif^Ameri.can. . 
Questionnaires vere sent to 100 selected community-junior .colleges on 
September.!^ 1974, with a 'followup to non-respondents on October -3, 1974, 
A total qx76 questionnaires were returned. 

• X • • \ 

^/The Responses indicated that 60 percent *of the minority students /in 
the^ community- junior coJLleges were Black, i 30 percent were about equally 
d;lvided between Mexican American and Puerto Rlcan, and about 10 pertent 
were American Indian. The latter percentage may not be representative' 
since responses were not received from states with large populations-pf 
American Indians namely, Nevada, Arizona and Oklahoma. , Courses were offered 
by the community-junior colleges in the areas of biology, allieql health, 
chemistry, nursing ^nd technology but only three community- junior colleges 
offered courses in all fields. ^Three community- junior colleges offered 
remedial courses for strengthening the backgrounds of minority students 
but not in all fields. In ab^out half of the community colleges the "Boards 
of Trustees" had deliberated about the problems of minority students and * 
about two-third of the respbnses indicated that science departments ver^ 
aware of the"* problems. About one-- fifth of the .colleges responding indicated 
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tha.t they were conducting progr^s for the expressed plirppse of recruiting 
Hjlnority students and about 60' percent had tutorial^ program^. , B<it, in 
» general, Boards of Trustees apparently gave low priority to >tbe importance 
of ifaplementing -programs for minorities in the fields with which this 
study was concerned ^ \ . 

HaywooS^^O3^0 examined the academic performance and attitudes toward 
science trf-^^students and teachers^participating in an experimentalff reshman 
. science program. The study \?as limited to 100 select^ freshman science * 
•^students participating in St. Augustirfe's College Five College Consortium 
Innovative Thrust Program (FCCIT) , and 100 selected non--participaCing * 
sclAice students, along with the teachers of both groups\ The FCCIT was 
a federally- funded Freshman Studies program designed to help inadeqyately 
prepared blcTcks ta remain in college.' It was supposed to develop act:^ve, 
^ relevantvand workable programs fon s^tudents in black colleges.. The five 
colleges in the consortium were not identified. . ' ' 



' "^ta were ^llected on instruction using the Student Instructor* Report 
, and 'the. Instructor Sel'f-Report ; on student demograpljic data using The 

Oollega Student Questionnaire (Part I ); and on other student characteristics 

I - using -The Cooperative Science Test , the Test on Understanding Sci^ance , the 
Watson-Glaser Gri^tical Thinking; Appraisal , and the Purdue Silance Attitude 
Scale ^ The data for the participating ai%l non- participating students were 
compared using Chi-square and mult jTvariate analysis. Tl^ese statistical 
analys^s*^^ failed to show a significant differ.^ce between the*^ains in 
sciencfe achievement of the two grouM^ Neither was there a significant 
di*ffe,rence between the two groUps Irn understanding-of science', although ' 
' the FCCIT students showed signif ickntly greater gdins in critical .thinking * 
ability. Also, it was noted that m:iT teachers "are more interested in the 
Students and that there is a diff ereivee in the obseryabie attitude of the 
teachers usJ.ng the FCCIT concept." Also, it w^s stated^ that students. 
. expressed more positive attifude toward the FCCIT approach because it gaye 

^ them more freedom in the. laboratory arid was more -interesting, enjoyable 

and stimulating than was the traditional approach. The basis fqr the latter 
viewpoints is unclear and seems to be "armchair philosophizing." 

« * » . ^ (J ' 

Pickering (266) described a method o^ iddhtifying those students <> 
[high risk] based on SAT scores and "an experimental course [in chemistry] 
at Columbia College useii succfessfully to ameliorate the performance of. 
• .these students." The course was supplemental tro the standard coiTk^; 
Chemistry grades and mathematics scholastic aptitude scores were obtained 
for Columbia College students entering in the fall', 1972. These were used 
/to sort students in A, B, C and D categories and the average of the SAT 
scores J.n each category was computed. Since it was found that the SAT ' ' 
Mathematics score had an almost -linear relationship to cheiiiis^try .gracje, 
there was concern about doing anything about students with low SAT scjpres. * 

* - 

^,The amelioration course involved about 60 students with SAT- Itothe- 
matics scores of 610 or lower who were put. in -two classes, ^lost^ of the 
'time'was devoted to lectures but mainly to the solution of problems %at 
were analyzed step by step. Achievement in the course was graded Pass/Ijlall,- 
f A/control group of regular students with comparable SAT scores was matched , 
against those- in the special class. ^ < . •» 
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The results indicated that ''attei^dance was very god'd in 'the amelior- 
ation course with some rashes of ^ lateness'\but there was a generally 
positive reaction on questionnaire' administered at the end of t*he year. 
The- 'dropout rate for tfhe experimental group, was indicated as^Being 16 
percent ^^nd for the control group, 25 percent, but the report did not 
indicate ''from what the students droppedoilt .It was indicated'^that 
graded of the experimental students in the regula^r course did impro^ and 
that ''a supplementary effort works." ^ ' . 

\ . ^ , I ^ 

The studies in this section do not y:^eld op]:imistic.^^esults, .The 
merits of providing amelioration are laudatory \but tfio, increm6^ of 
learning achieved from such efforts is nof clearliy evident. 

Slow Leaniers — Low Achievers 



Three studies dealings^ith slow learners low achievers ware reported 
In the literature, one each at th^ elementary, secondary and college levels. 

. o > ^ 

DeTure and Koran. (83) tested Observational learning as a means of 
teaching experimental procedure using peer group as a model of appro- 
priate experimental behavior. Members o'f the subject group after 'observing 
the model were expected ,to be able to perfoi/m^the experiinent;^^'^ technique 
as it was modeled. Thi^-^bjects were 22. fourth gradera, seven white and - 
six black girls, and four white and five black boys. The^general socio- ' 
economic J'evel of the group was low. ;Hie studertts had used Science . 
Proce-ss Approach (SAPA) but often misunderstood directions.^ ~ 

. In carrying out the invest igaiioTa, four students were chosen by socio- 
xnetric techniques to serve as^microtekching models. Tlie model grqup was, 
Instriicted in the experimental procedure by ? the teagher and videotaped by 
the experimenter; The model group verbalised all their 'behaviors as. they 
performed the experiment*, in the lesson "Fonnulat^tig Hypothreses; ,2. Con- 
ductors and Non Conductor.** The remaining 18 subjects were divided j.nto 
control and treatmentjgroups of nine each, both getting 15 minutes €f 
verbal instruction and complete procedures equivalent to the videotape 
procedures. Both then did the eyperimdnt in smali;'^rou|^^ bu^t the treat?- ^ 
ment grotp recieved the 15*minute videotape proc;^dure irst . An observation 
instrument of 32 di3crete behaviors was use^ by raters to rat.e the treafr^ 
ment and control groups. The data were then analyzed with Chi-square. . 

I • ^ . ^ . ^ \ 

' The results indicated that the treatment group generated 22 ihoije 
positive behiviors And 22 less negative. 'It was concljaded that ''Live v 
'modeling or videotaped modeling has merit. . One caa question the design ^' 
if the treatment group got the lecture and videotape befbre.doing the 
experiment and the contro.1 got only qhe lecture, tlf so,' the treatment 
feroup could 'hardly help but*achieve more with two exposures to learning, 
with the control' group getting only one. • . ' 

Miqhel (222J developed, tested arjd* evaluatjed a tinit qf study for slow 
'learnlpg^econdary-schc/ol students covering! the topic of Jstructpre Vnd^ 
function* of ^living, tl^gs with special emphasis on the hfiman body, a' 
group-pace^ teacher-directed Approach was selected as the method: of instruc- 
tion and the effectiveness of the unit was measured by gains J)etween scores 
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6n pre- and posttestfe by the students involved, The study was conducted 
during 1972-73 wi^h five classes of ninth graders in two schools in. the 
Muncie Community Schools', Muncte, Indiana, The subjects had previously 
been grouped homogeneously on the basis of-poar reading ability and/or 
low achievement record, • . * 

Behavioral objectiv:es were written, for the unit of study and student 
^ctlvities and teaching strategies were prepared and pilot tested, Data 
on student characteristics were obtained from verbal and nonverbal IQ ' 
scores on the Lorge-Thomdike. Intelligence Tests, the Verbal Reasoning arid 
Numerical 'Ability scores dn the Di&f erehtial-^Aptitude Tests, and the 
Vocabulary and Comprehension subtests of the Gates-MacGinitie Reading 
Tests. Students from each of the five classes were randomly grouped into 
a pretest and posttest population, "The two populations were found to be 
equivalent" on-the bases of'IQ, aptitude and reading test scored; " 

After instruction "the means of the achieve.ment test scores from stu- 
dents in the pretest populations were compared* with those from students 
in the posttest population and significant difference was found to/exist 
between' the meafi scores, piis was j;Lnterpreted as evidence that the instruc- 
tion materials were effective in . facilitating learning." 

Lee (193) described a 10-week curricular unit designed to improve the 
basic mathematical-skills of open-admission students through the study of 
^ elementary probability and statistics. It was hop^d that 'the uhit/would 
provide the background in mat^iematics needed for enftancing achieWmenJ; in 
later courses in science and mathematics, A. draft curriculS^r unit wis 
taught and formatively evaluated at a community college in the Fkll -Qqar-^ef, 
1973, The evaluation involved 170 students taught by two teachers. The ^ 
unit was then revised and taught and summatively evaluated during the 
Wirtter Quarter, 1973, with 191 students in" 11 classes taught*^by seven 
teachers, , " . • 

' . ' J 

Pre- and post;test scores were, obtained by administering the Basic 
Mathematical Skills (BMS) tests, a Probability and Statistics (PAS) test, 
and an Aiken Attitude Scale (AAS). Data from 116 students who attended ^ 
at, least 80 percent of the class sessions were analyzed. 

The results failed. to indicate that the unit significantly enhance*^ 
the mastery of basic mathematics skil2,s of the subjects, although more than 
60 percent of thenj expressed more 'confidence iji their mastery of those 
sl^ills.'" On the average, the 'cla'sses 'attained about 66 percent mastery of 
the statistical content of the curricular unit. It was indicated that 
there was^li'ttle chimge in student attitude toward mathematics, . ^ 

The three studies in this section f;^iled to indicate gene^ly, that 
the efforts to provide Supplemental experiences for slow learners - low 
achievers did not yiefd results in which much confidence* could be plac^/ • 

^ . - . • 
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Humanistic Science 



A 



Knecht (175) attempted^ to develop a sound philosophical^ basis 'from * 
whiclt^to derive, • .characteristics- [of scientific literacy], and to build ^ 
a model on thenTfor comparing the quality of elementary science education 
programs against thie stated goal for science education, Som^ of His 
basic assumptions were that meaning is derived from sensory experience 
and not from words, it'hat .^cientific knowledge and scientific literacy are 
attained only when d.istinc^ions between physical objects and "other things" 
rare understood, scienc^e, education can be eValuated by examining the instruc- 
tional materfals-^Jasses^sm^ht of epistomological quality [nature of know-^ 
ledge and its validity] must be "made at the- level qf specific knowledge 
claims intend!ed for student instruction," and children do seek meaning and 
have the capacity "fpr independent ^r^asoning. 

The investigation was <:arried out by. (1) identifying the epistomo- 
logiqal character of the goals in the NSTA Position Statement on "School 
Science Education for the '70s;"* (2) empirically developing procedures for 
identifying elements in a referent; program [ Concepts in Science ( CIS ) was • 
selected]; and' (3) testing the procedures ^ith U contrasting' program 
[Science Curriculum Improvement Study (SCIS) was selectj5d,] 



, It was claimed that the analyses of the two programs showed that 20 
^percent CIS consisted of theoretic statements »and that the ba^is of knowing* 
in the program is t)ieory with a deductive approach^. However, it was claimed 
that SCIS is epistomologically sound with concepts being developed from * 
experience. " • 

The reviewer has some questi"ons in that the model for' the program was 
developed using the Teachers Guide of CIS, and taking single pages fjrom 
each unit at ^random and tKen selecting ten pages using a'tabl% of random' 
numbers. Yet, this same model was applied to a non-^textbook program. 



Morris (229) attempted to determine the relati^ effectiveness of 
humanistically-oriented 'secondary school science 'curriculum materials wl\ich 
dealt with' the same laboratory activities as did the Rational Science 
Foundation sponsored [sic] Introductory Physical Science (IPS)* course. \' 
However, unlike IPS, the humanistically-oriented curriculum materials that 
were developed for this study were designed to illustrate fche value of * ; 
these activities tp civilization. The assessment of the relative effective- 
ness was made with the VOS Opinion Poll that was constructed to determine^ 
the relative value students attached to nhe laboratory activities common 
Xo IPS and to the humanistically-oriented materials. - ; 

The VPS Opinion Poll was ^administered on a pre- and pos£i:est-4>*isis- 
five treatment classes who experienced the humanistically-orientjed^jnaterials 
and to nineteen classes who had JPS or Chemical Education Study (Clfe^lS) 
materials, the latter presu!mably having th^^same orietation as IPS. . 

The i^ivestlgator indicated that although the groups were comparable- 
prior to treatment, d signif icant^dif f erence was found for the treatment 
group- on the posttest. Consequently, he conclxided that Xl) temporary 
changes can be effected in the relative- values students afe€ach to Specific 
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laboratorx activities when the miterials are designed to effect such -changes; 
(2) it is unlikely that exposure ta scientific information and laboratory ^ • 
activities themselves will cause Students to attach , greater value to science; 
and. (3) changes'' in attitudes and values may not be so difficult as is _ 
generally thought. * ^ ^ 

The twp studies in this section""!?^ so different that generalizations^ 
could not be drawn. ^ , 

- < 

Nature of Science ' \ 

«^ , /• 

^ Durk^e (94) attempted to (1) identify the views, beliefs and opinions 
of university/college natural science* faculty in the .United States on fehe 
nature of science^ (2) indicate on what issues there £s concen&us ; (3) ^ 
specify differences in viewpoint or perspective between academic scientists 
^d a group of philosophers of science; and (4) investigate the relation- 
ships between scientist's vi^ews on' the nature of science and various 
demographic variables. The variables included vocation, area of science,, 
type of educational institution, itighest^ academic , degree held, exposure to 
T.iterature on the nature of science, extent of previous thought about 
issues 'in the criterion instrument, age, and geographical region. 

An Inventory of Views on the; Nature of Science (IVNS) consisting of 
44 items in a* 'multiple-choice format and grouped into 15 scales, was con- 
structed and administere(^ to 318 randomly selected science faculty in the 
biological physical and earth sciences and to 23 jTrominent philosophers of 
science. The responses indicated that both group's (i) viewed science ^s 
the process and product of dynamic man-world interaction Vather than a 
description of natural phenomena; and (2) affirmed that the chief aim of 
science ^^s^ to sea^rch for pattern and coherence i-n nature. Scientists. . - 
favored the view that scientific laws are empiasical ^generalizations, and. * * 
that although' philosophers, bf science generally reject the ,"instifumentalist*' 
position with respect to scientific theories,, scientists', generally accept ^ v. :^ 
it*^ The findings ind^ircated 'also that understandings andN(iews on tfie / 
nature of science is an extensi\te, complex domain to "which one's vocation 
as a scientist or philosopher of science^ i^ related. 

The entire section ojn special problems indicated the vastn^ss of^the 
realms of research to which science education could be directed. The^\^ 
research studies were extremely diverse and reflected the varied interests 
of researchers. Yet-, this' review indicated that the lack of. unified 
'direction in science education research VesulJfed in fragmefitary studies ^ 
from which valid generalizations were dif fic^t to make. . / « 



Foreign Scietice Programs — How* Others Do Iti 




The last major sdctipn of this report deals, with research in science 
education related to programs outside the United States. The studies are 
grouped generally according to geographical region except wh'ere the research 
in one country was Qxtensive. In the latter case\ and with countries 
relativel/ isolated -from others, tbe studies were dealt with separately.^* ' 



217 



212 . OS . . ' ' . * 

^ ' ' \ . ' . ' * 

Central and Soufh America * . ' ^ 

- Berty (38) investigated the relationships h^^en t^e (I) classroom 
activities used and the science teacher's views .of the classroom ^tiVities 
that should b'e used during science instruction; , (2) student-teacher rela- 
tionships that prevail and should prevail in the science classroom; (3) 
objectives of science education* emphasized by the science teachers; (4) 
knowledge of the nature of scienpe held [sic] by.'tj{ie science, teachers-; 
and' (5) teacher characteristics, student ch^ra^ct'^'i;i^tiGs/ and situation 
variables. The instruments used fox- gathering* data sincluded the Scieh'ce ' 
Classroom Activity Checklist; Student's ai\d Teacher's^ Percept ions (SRaCL): . 
Checklist of Student-Teacher Relationships ; Student *s. and ffeache^s' Pei^- 
ceptions ; (CTR) ; Rating Scale of Objectives of Science ^.ducat ion (FSOSE) ; 
and Wisconsin Inventory of Science Processes (WISP) .> - : ^ 

^ The subjects to which the instruments were ^administered vere a strat- 
sample' of 221 Costa Rican inseryice secondary school science 
-feacKers with a 47 percent average response rate. The relationships among 
.variables were estabXishe^i by the use' of cor:i^j^n and ^regression analysis 
Vith the scores/ ^he analyses showed that then.) integration of laboratory 
act;ivities with science content was. related positively, to the aniount of 
time spent in the'. laboratory ; (2) use of/textbook and reference materials 
.was positively ^related ''to student-teacher relationships in the classroom;^ 
(3) student-teabher relationship? were ,po%itively related to student atti- 
tudes; (4) teacher directed classroom control was positively related to • 
student attitude' toward the course; (5) objectives of science*. e<iucation 
emphasized .by the teacher were positively related to the teacher's atti- 
tudes toward science teaching and tfie -number of irt^ervic'e pours^s- the 
teacher attended; (6J teacher's views of appropriate activities in the - 
classroom were positively related to the teacheirts knowledge of the nature 
^ of science and of the relationships th^at should prevail in the- classropm; 
and (7) teacher's views of relationships that should prevail. were positively 
related to the teacher's knowledge of the nature of 'science^ ^ 

The 'reviewer fails to find anything in the results that has aot been 
coimnon knowledge for years, » • „ ' 

Ferreyra (101) described the UNESCO Pilot** Project that was demonstrated 
as a possibld^model for developing physics tea"chii?g methods and'n^terials 
in Control and South* America. * Mateiftals that were developed were presented 
to a Regional Seminar in Sao Paulo, Brasil in 1904. ^Tiese materials were 
tested an^f revised and discussed in six subsequent dissemination Seminars 
sponsored by UNESCO at various/sites in iientral, and South America. The " 
-^^eport is mei?tioned here, not Ije^ause it appears- to b^ research*, but ^ 
becaus^^-C^does represent an extensive*^ effort. . - * 



'De Zulberti (82i>-saught tt) determine whether ^l) .an inpervice seminar 
Is an effective way to chaitge^^ementary school 'teachers ' attitudes towards 
a teaching tectmique in' Argent in^rkand (2) any changes in teachers' atti- ' 
tudes arc^affccted by such factors a^^..^^ sex, position, teaching .experience 
, and .Inservice experience. The subjectscStrsl^ted^^ 7). elementary teachers 
In grades one through seven from 15 Argentine provinc^^'ho enrolled 
vdluntarily in- a one-week seminar that was held at three^^aif f erent sites. 
Data concerning the teadhers* personal and professional characteristics/ . 
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were collected with a self-report instrument that was administered to the- 
teachers who were assigned randomly to either a pre- or posttest treatment 
group, Non--parainetric statistics were used to test the significances of 
any differences between the scores on the.,twa groups on the instrument. 



- ' The results of 'the'' analyses indicated that the teachers' attitudes, 
after the inservice seminar, improved significantly with respect to the 
use of the inquiry approach and the us^of inexpensive and readily avail- 
able materials. However, differences irnattitudes were not found to be 
related to sex, position or inservice experience. It was con'J|k|fied'' that 
inservice training has merits. • 



Africa<^ 



Robins (289) described an eYfort referred to as the African Primary^^^^ 
Science Program (APSP) tha^t began in 1965 with collaboration of African, 
British and American scientists and educators. The* purpose of his report 
was to present what he claimed Jt<> be useful generalizations about technical 
assistance in science education. through a critical analysis of APSP. 

Three generalizations were made, (1) an approach in science education 
which emphasizes inquirfy and'student involvement is educationally valid 
fn the African context; (2) it is possible to introduce successfully in ' 
African primary schools, methods and materials for science education- 
which differ significantly from those in conventional use;* and (3) a Pati- 
African approach to improve science education in which countries cooperate 
through sharing experiencles and scarce resources is workable and of con- 
tinuing value. ' "^"'^ ' ' 

Taiwo (332) designed- and executed a study to (1) examine the nature^ v 
and the amount of physical science possessed by foirrth, fifth and sixth " 
graders in the Western State of Nrgeria; and (2) determine the .relationship 
that might exist between the ^amount of such. knowledge and the pupils' 
performance on Piagetian-type tasks. A 40 item Physical Science Knowledge 
/fest and a 20-item Interview Guide for Piagetian-type tasks were prepared 
'by the investigator to fit the cognitive level- i(f the subjects and the 
cultural milieu of Nigeria. The Physical Science Knowledge Test included 
J-tems on physical phenomena, natural phenomena, and domestic utilities. A 
total of 979 subjects ^re chosen for the study, 525 frdm six urban scjiools^ 
and 454,' 'from six rural schools. The responses of tfie students were item 
analyzed and evaluated with _t, F and i^. 

The analyses indicated that (1) there appeared to be widespread 
unscientific beliefs among the subjects concerning natural and physical 
phenoniena;_ (2) the subjects seemed to have a better- than-chance knowledge 
of itttrfcdental sciente content; (3) a significantly greater amourtt of inci- 
dental science Jcnowledge was possessed by urban than by rural children;, 
(4) performance on Piagetian-type tasks was age dependent in fayor of the 
older children; (5> there was significant relationship between incidental 
science knowledge and performance on Piagetian-type tasks; and (6) the 
subjects wer^ better informed al^ut fecience related to domestic issues 
thaiC~tp natural phenomena. , *" . . " 
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^ The objectives pf the investigation by Awuku (15) were to '(1) relate 
the possible factors thaE^can affect the nature of science^ teacher educa- 
tion programs in the future; (2) account for the current preparation' of 
science teachers in teacfter training colleges and the University of Cape 
Coast, Ghana; (3) delineatje* the aspirations of professionals for improve- 
ments in science teacher education programs in the futui^d; and (4) offer 
alternative suggestions for the education of Ghanian' science ,teachers in 
the future. The data were, gathered through an analysis of the professional 
literature dealing with Ghana, *'oral tradition" where the written records 
were sparse, and structured interviews and conferences with resource 
persons in Ghana. These data Were then synthesized. " 

It was vindicated that* the reaf problems of science education in Ghana 
are subject to economic, social, political and cultural constraints, 
bureaucratic and social conservatism, and a lack of viable knowledge 'about 
^ viable alternatives. However, it was* indicated that outside assistance 
alone would not solve the situation, but t|hat action would have to come 
internally. Guidelines that were 'prepare<i(^ f or elementary and secondary 
science education in Ghana were based on three f^rinciples: (1) science 
is a main force in economic and manpower development; (2) science plays a 
role in social development; and (3) science contributes to in<Jividual 
development'. The recomraeiTdations made were in the usual areas of improving 
instructional efficiency, increasing teacher qualifications, developing 
adequate p^rograras of evaluation, and instituting inservibe and leadership 
programs for science educators. 

f\ ' . 

Cdyne (74) investigated the efficacy of microteaching as a preservice 
teacher training technique in a Ghanian university ^4th emphasis on effect 

, of providing ,lesson outlines to the trainees on their acquisition of four 
questioning skills. As part of a methods course 16 preservice mathematics 
and physj.cs teachers raicrptaught five t iraes . The first thYee lessons 
followed the same lesson plan, with the first emphas^izing the fluency of 
questions whereas *^the second and third emphasized both fluency and the use 
of probing questions. Different plans were used with* the fourth and fifth 
lessons in which the t^ain^es pratticed higher order and divergent questions, 
However, half were assigh'ed to a treatment group that deceived lesson -out- 

'lines for use when they microtaught, whereas the other half chose and 
prepared^ thfeir own lessons. A control group of eight randomly assigned 
trainees did not raicroteach but were tuaght qjuestioning skills through a • 
traditional lecture-discussion approach. 

The 'members of t?he three groups were audic^thped during two ten-minute 
segments of student teaching. The tapes were evaluated "by two judges for 
questioning .skills. All 'group members were also administered an attitude 
survey. The results of the assessments were then (Compared and they failed 
to indicate a significant c^fference between, the two^v treatment groups 
during microteaching on fluency and probing questionsNilthough those who 
received the outlines for lessons' four and five demonstrate^! superior^ per- 
formance on higher--ordc/ and divergent questions. It was also found that 
the microteaching group that received lesson outlines ^had significantly 
more favorable attitudes than the microteaching group that was *^on its own." 
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The judges' ratings for .student teaching were significantly higl\^ 
for the microteaching groups than for the control groups, and the 'micro- 
teaching groups had significantly higher attitude scores than did the control 
groups. . . \^ 

Onwere (247) attempted to identify (1) factors that students from 
five English-speaking countries in West Africa - The Gambia, , Ghana-, Liberia, 
Nigeria and Sierra Leone - associated with pre-college interest in science; ^ 
and (2) thoa.e factors which influenced or contributed tp the choice of a 
science major fiel^ or dissuaded students from enteri^ig ^ field of science. 
The population for the study was the ur^dergraduate and graduate stifdents 
from the countries listed above who were enrolled in the spring, 1974, at 
American University, Catholic University of America, Georgetom University, 
George Washing; ton University, and Howard University, a consortium in 
Washington, D.C. . , 

A 33-item questionnaire, seeking personal information, as well'' as that 
for education background, attitude toward teachers, support received, and 
home government manpower needs was administered to 150 randomly selected 
'students of the population, 139 of whom responded. Analyses were made of 
the responses of science and non-science students using Chi-square, t, 
means and standard deviations. 

^ • The results of the analyses indicated that the students, 74 percent 
male and 26 percent female, were about equally distributed in science and 
non-science fields of study, and were widely distributed in programs within 
these fields. About 52 percent were self supporting, 22 percent depended 
on family support, 3hd oniiy six percent depended on their home governments. 
Significant differences Were found between science aad non-science students 
in participation in hobbles, membership in school clubs,* instructional 
methods, laboratory a^^an instrument of learning, afid guidance received. 
Many of the variables%tjUdied were not fpund to differ significantly between 
the science and non-sci^jn^e^ stud-ents. ' ^ 

The Middle East 

Four^ Studies* wfere found that dealt with science education in the Middle 
East. Intone, Rahimi-Naini (276) constructed a model for the development 
and implementation of a science curriculum in the elementary schools of 
Iran. The model represented a theoretical scheme constructed from hypothe- 
tical reasoning and empirical information. The component part^of the^model 
were: objectives and content, teaching procedures, instructional materials," 
audiovisual aids, pupil evaluation, teacher training, and mo"del evaluation. 
In addition,' the model included recommendations as to organizational patterns 
of operation, administrative responsibilities, and implementation of the 
curriculum^ . • * * 

The establishment of a ^Curriculum Development Committee as an integral 
body under the Ministry of Education "was '^thje basic unit of the model and 
was to be broadly f eprcsentative o^ the various relevant levels and areas 
of education. It was recommended that the Committee timphasize the inquiry 
approach to science teaching afia* the development of teacher manual^ .for all 
axeas at all grade levels 'for the effiective implementation of the science 
curriculum. 

• •. • ■• 221 • •' 
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Za'rour (375) attempted 
scientific facts and concepts 
prevalent among groups of stu^ 
erroneous notions which occur 
to as "science misconceptions 
students from 11 high schools 
*©hiversity of Beirut.. -Except 
School, all were, or had *een 
the Lebanese system* of educatjion 



to' identify erroneous notions about sdmS^ 
a^d to 'determine the etftent to which they are' 
\ents in the Beirut, Lebanon 'area/ -^^e 
with relatively 'high 'frequency ^are referred 
" The 1,**444 subjects were freshman and junior 
and students (nearly all sophomores) frpm tb^ . 
for JL30 students fr6m the American Community 
before enrqlling in the University, part of ^ 



separately. ' Dis tractors were 
score and were labelled -as "m 



A test of science misconceptions consisting of 40 muiy.ple-choice , 
Items was developed fro^two l54'-item pilot tests that had been constructed 
from other sources and ^xperi^nce. About 20 items were in physics and the- 
rest in biology, earth and sp^ce science, and chemistry. ' The tests^were 
administered by the researcher or his assistant to atl subjects, with the • 
responses of the 130 from the American Community School being treated 

selected'^)y percentages greater than chance 
Tsconceptions." t^ was used to test fot 
significant differences among [percentages of popularity of Tnis conceptions , 
^.R^ i used to measure relationships** be tx^een test scores of ^correct - ' 
responses on the misconception test apd science grades of* students and V 
'and Q scores on the SAT from eleventh graders of American Community School. 

The results indicated thkt 30 of 108 distractors or potential miscon- 
cept;.^s were selected hy 30 p'ercent of the respondents although there , was 
no def)tolte pattern of pronene$s to misconceptions at the different educa- ^ 
tional IWels. >i:ewer males ?t the eleventh grade level h^ld misconceptions 
than did r^al^, with the difference baing less pronounced ^ove and below. 
SignificantStfifferences were not found betx>reen American students the high 
socioeconomic level Lebanese. As might be expected, the tuore*^^s<^ieB^e courses 
in a student's background, the. fewer ^he misconceptions. 



Billeh and Kasan (42) sought tq 
understanding of science could be inc 



'determine whether science teachers' 
eased by specia2'''^inst ruction. and 



training in secondary school science teaching and to identify variables 
that might contribute to such ari increase. *The population, included all o*f 
the 186 secondary science teachelrs in Jor\ian wl\o were asked by, the Ministry 
df Education to attend a four-week sumnTer training- course in science ^ 
teaching ^funded by the Ford Foundation. -r-Th^92 percent that participated 
were divided into four groups - Biolg:gy, Chemistry, Physical Science and 
Physics. The training program ^iAvolved"lectureB-.and-di^onstratio^ of 
science methods and concepts relevant to the secondary school, . laboratory 
Investigations emphasiz^ing theMnquiry approach, plus reading^, films and 
lectures on the nature of sciences. The Biology group did not have the 
nature of science lectures. " t * *' " 

Teacher understanding of the natTur^ of science was measured with d 
60~item multiple-choice Nature of Science, Test (NOST) that was' administered 
pre and post. ^ At the beginning significant dif f eren^^^ere not found 
among the groups on IJOSTj but significant differences -were found at the end, 
with the Chemistry and Physical S cience .groups performing better thj^ the 
Biology or Physics. However, al]. groups except the Biology group improved 
significantly. It vas found that teachers with less than four years of 
college education grained more oh HOST than those with four or more, aitRbiigh 
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significant differences were n^^ found between university aad non-uniyers 
graduates\ Aiso% science teaching was^ not found to be related significa 
to gain scores on NOST, nor was previous inservice professional trainirig\ - 
The latter point was used as justification to state that earlier in^^vice 
education did , not deal with qnderstanding the nature of science. 

Hasan and Billen (133)- in a stJ^y corollary to the one' i<ist preceding^ 
attempted/ to , evaluate the effect of the fourrweek workshop d^cribed above,- 
on the dev*elopment of attitudes toward science. in secqpd'ary schooi teachers' 
and identify the variables that affect changes in those attittr(^es. One • ' 
hundred twenty-nine Yrom the workshop" group, representing 70/percent of ^ 
the secondary-school science ^teachers in Jot^da^ agreey to participate in 
this phase* 




A 32-item Thurstone-Chave type attitude scale was/developed by the- 
author ffom a pdol of 120 items with tiie assistance oi /l\(> science professors 
from the American University of Beirut and the University of Jordan. Two ' 
parallel halves were used irt the 'investigation. The i>re- and posttest means, 
on the scale, together with data collected on relevai?(t variables at the\ 
beginning of the workshop,- were used in the^^nalysis 

* * / • » 

* A t^test analysis failed J;o indicate a significant change.* in atti- 
tudes over the four-week session. However, a multifple regression analysis 
indicated ^ significant positive relationship between attitude gain scores 
that were not significant an4 previous professional inservice training, 
but a negati-^ relationship ^witli level of education. 

Israel * . / ' 

Four studies involved Israel, all dealing with facets of the Biologi- 
cal Sciences Curriculum Stud y (BSCS) . I 

o * , 

Tamir (333). attempted to determine the effects of^ interaction between 
certain aspects of the Biological Science Curriculum Study (BSCS) -and 
variables such as "teachers' bias, type, of school, sex of student, and 

, specific subject-matter taught as related to achievement:" The subject^ 

vere 408 twelfth graders who were using the Israeli-adaple4 Ifellow Version 
of BSCS and 581 students not using the Yellow Version yho had participated 
in the curricula extending over a period of ^four years. Fifty different 
teachers were^used and divided into two groups based on ^responses from the 
Blankens hi^ Attitude Inventory , the BSCS supporters afid the non-supporters- 

.A multiple choice tGst was used to measure ac^j^vement ahd the statiisticaji ; 

.analyses inyolved varj-ous analyses/ of variancffknd t^ teJia. " ^-^^ ^ 

The results of the analyses indicated that there were significant ^ 
"difference among the achievements of students in the different types of 
schools, with students in rural agricultural schools scoring much lower. - . 
Males were found to score higher than females in ^otal achievement and- in 
botany and zoology, but significant differences were npt found between males, 
and fdmales in heredity and human biology. BSCS students scored better than 
non-BSCS without regard for whether their teachers were supporters of 'norv- 
supporters. It was concluded that the nature of* the curriculum was a more 
decisive factor in student achievement than was teacher attitude. * 




Tamir and Jungwirth *p35) undertook a study with a threfe-fold purpose: 
(1) to provide an overview W^students growth during four years of studying 
the Israeli-adaptation of BSCS; (2) to identify, j.n the development of the 
project from its implementation in 1965, trends in various aspects ^pf sti 
dent, achievement which may h^ave at least som6 generalizable attributes; 
and (3)-to assess the feasibility of the tsCS adaptation in Israel by 
paring BSCS ^and non-BSCS stuqents regarding their achievement, the^ 
sltion of inquiry skills and ^their attitudes toward science and nat 

The subjects were samples from three class populations that entered 
the ninth grade, in 1965, 1966, and 1967 and graduated in 1969, 1970, and 
1971 respectively. Th6 BSCS classes were trial classes that were .first ^ 
to adopt the program. Non-BSCS students were selected for' a control grotf^) 
and were matched in terms of type3 of students, teachers and schools. The 
instruments administered* were, a locally-designed intelligence test, a 40- 
item General Biological 'inforniation T^st , and Biology .tests one through^ 
five that^ere adaptations of the BSCS quarterly tests. In addition they 
w^re administered the Test on Understandinp, Science (TOUS) , a^Hebrew 
translation of the Welch Science Process Test , the Biology Attitude Inventory 
the Biology Process Test , the Practical Ilatriculation Test and the Written 
Matriculation Jest . 

T? • 

The results of the measurements indi(fated that (1) BSCS was more 
^widely accepted than was either PSSC or CRUi Study; (2) BSCS studgnts were . 
considerably superior in inquiry skills in practical laboratory problems to 
twelfth grade non^BSCS students who h^d CRUi Study; (3) when^multiple 
.regression ^nalysi-s was used to study differential effects'of BSCS, CHEM 
St^dy and PSSC^^ the only effect found was that of BSCS; (A) generally, 
the results of th^ three classes replicated one another; (5) pqst-hoc 
analysis failed to show significant 'differences between biology majors and 
non-majors on the ;n^triculation . exaniination; (6) significant differences 
in achievement were liot ^ouhd between l^oys and girls at the end of the 
10th grade; (7) significant differences in achievement found in favor 

of BSCS students of European parentage over those of non-European, and' (8) 
.BSCS students significantly outperformed non-BSCS'in achievement. 



• Jungwirth and Dreyfus (l64) st)ught answei^s to two questions, ^"First , 
at what level should^ 'unders tarring' be evaluated, i.e., VJhat can be taken 
as symp^^iatic of such understanJtlVig?** .'^'Second, how is understanding to be 
evaluated, i.c*., \fliat kirids of items or test (paper and pencil or practical^, 
optn or closed items) are ajppropriate?" The paper was based on a detailed 
analysis of the" 1971 written examination [Israeli BSCS - Matriculation 
•Examination] Part III only,, i.e., that part of the examination dealing^with 
the assessment of UNSE^ [Understanding of the Nature .of Scientific Enquir^y.] 

The report deals mainly with an analysis of an item concerning ^a 
biological experiment, '^Oxyden Poisoning in "Insects" followed by inter- 
•pretation questions. The responses of about 750 students who ^opk the 
examination "In 1970-71 were used for the ^analysis . Tjle overall results on 
UNSE left much to be desired except for "knowledge of conventions.^* The 
responses to the question asking for nitrogen controls were disappointing^ . 
With more than half failing to make associations between "oxygen consumption" 
an.d "ojri;anisms still aliye." . ThisA^as judged to bp a failure-in biological, 
not encfuiry, concepts, , . ' , 
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• Possession of knowledge of experimental procedures was net found to 
be a sufficient condition for success in applying such .kn*owledge. Also, 
only one-third could respond correctly on the- basis of given data. The 
students us-ed "enquiry concepts" as "magic words" to explain phenomena in 
a manner contrary to the data supplied. ) . " 

Kaplan (166) developed and-- tested a model for seventh grade biology 
consisting of five-multiple five-period sequences of lessons in six classes 
in four schools in 1969.. Th^ "child-centered approach" curriculum aimed 
at maximizing the performance of moderately, disadvantaged students was later 
revised and tested in six experimental classes in comprehensive schools ' 
Ip 1970-71 and in five control classes in 1971-72. The emphasis was to 
move away from authoritarian^teaching by means of units divided into five 
periods, four lessons and one assessment phase\ the introductory lessons 
that had the verbal ^ss-eminat ion' component consisted of three mo^s , (1) 
verbal presentatioi^.ncluding discussion; (27 visual (reading) ; anMl 
rote memorization (Jjpconcept list. [Reviewe/^ note: This hardly seem^* 
an escape from traditional authoritarian te/ching. ] Hie laboratory period 
involved openended activities with mental operations' required to solve 
problems. The analysis^ involved competency Measures for students to assess 
their own comprehension and programmed lessonfe of about 50 frames tfiat 
required .from 10-100 minutes to complete. A \dty lab"'was provided for 
enrichment with advantaged students.. The unit^ covered included "Water as 
a Habitat" and "The Organism and Its/ EnvironWnt." Inservice training i/as 
provided to enable teachers to useT theyfie^?-approach . The experimental stu- 
dents (n=15/i) were in the six clasWe/in the comprehensive school, and the 
control (n=151) were in the five classes, in four schools. It is Assumed 
that the control classes had the traditional program. Students were pre- 
and posttested on achievement and the 'Attitudes Towarda Biology Test . 

The resultsHndicated that only by intensive efforts could 'teachers 
be 'broK^^from" l^ure-oriented content-centered -didactic teaching. The 
differences in time to complete the programmed lessons- were found to be^ 
significant, presumably a function of intelligence. Significant differ- 
ences were found between the experimental and control groups in lavor of 
the experimental in comprehension, positive attitudes toward biolbgy, and 
in three of twelve interest areas. , ^ 

The Philippines . ° 



Somers and Lagdameh' (319) attempted to determine the intellectual 
differences between third and fourth grade Filipino, children who had studies 
Science - A Process Approach (SAPA).for five months, and others who had 
.been taught for an equal amount of time by tt,aditional lecture" and text-, 
book methods. Of specific interest were the mental processes of observation, 
comparison and classification. An evaluation instrument was desired which 
(1) could be administered simultaneously to .a group of children, and (2) 
did not depend^ reading skill or the '.ability of a student to verbalize 
his understanding of certain concept's. ^ 

Tests for fourth and fifth graders were constructed consisting of a 
series of observations, comparisons and classifications of simple geometric 
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forms cur from colored paper. Circles, squares, triangles, trapezoids and 
Isoceles triangles were used, either dark blue, yellow, light blue or red 
with each being made in three sizes. The subjects* tested were 94 children- 
from six classes of third graders, 54 assigned to an experimental group and 
40 to a control group. In addition, six sections of fourth gr^crs were 
subjects, '52 in the experimental and 45 in the control. All tls^chers 
received training* in S/\PA.^ The children were tested small randomly * 
seflected groups. Ir> the test,' the geometric figures vere pr-esented to the 
child ren who responded in' terms of , the target mental processes . , 



^ests were used to determine significant \ differences, and it was 
found /nt the 'SAPA .students scored significantly higher than those in the 
traditl^iml classes. Non-SAPA students seemed^ have more' difficulty in ^ 
combinaticfas of color and 'size variations. But, analysis of variance failed 
to show that brighter students did better than did slower students with 
'similar s^ence training. So internally ," differences wdre not found within * 
the experimental* and control grjoAps. One may questlofi, therefore, as^'to i 
whether" the brighter studerfts go^lpAPA. 

Cruz (76) undertook an iVivestigation t6 (1) design, develop, and field 
test a set of self- instructional /materials "mi the basic science processed 
indigenous to'Philippine resources and situations, and (2) evaluate the 
effects -of this set of self-instructioual materials orf the ^achievement 
and ^ttiifude of preservice teachers. 

The subjects^'^re 114 third year undergraduate students in. a one- 



sejjtsteif course, Scrence for Elementary Teachers, at the Philippine Normal 

College, Manila, Philippines. The non-randpmized control group pre-test* 

and post-test design was used with two classes in each of the experimental 
groups one and two, two in the coig:ro^ 

Prior to trei^ment all subjects we^e pretested for achievement for 
basic sciente proces^L skills and on attitude using the semantic differential. 
^ However, only the exp4rime|ital group was exposed* to the self-instructional 
^ materials. Then, botliP groups were administered post tests pn achievement 

on process skills* and attitudes^ was used to test for significant differ- 
ences. 

\ • 

The analyses led to the conclusions th^t, (1) sBlf- instructional 

\ 1 materials vrere^ot found to significantly affect achievement ori basic 

/ • science process skills; (2) the materials were not found to have a signifi- 
^nt influence on attitudes; and (3) significant dif f erences^attributed to 
different classes and different teachers were not found with respect to 
attitudes* There were, however, some interaction effects, the implications 
of which were not i^lentif iedU-n the entry in Dissertation Abstracts. Inter- 
national > . '."C^ * 

\ / ^ ■ . 

' Australia ^ > . ^ 

Owen (253) sought to identify factors based in schools that affected, 
the sixth form science students in the schools of ^Victoria, Australia, The 
data were ..collected, during study of science achievement by the International 
Association for the Evaluaticfn of Educational Achievement, Data from 
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sample of 37 schools were used, the probability of selection of the school* 
being ^proportional to its enrollment. Within each school a^andom sampling 

^of 'Students in the sixth ^form was used for selecting those to i>e tested. 

\ » , 

The stu4(5nts were ^tested during the latter part of 1970 in the f inal 
year of secondary school on performance in chemistry, biology , .dn J physics 
and also were administered a pencil-and-paper test of practical skills/ 
The test items were- classified into four cognitive categories: functional 
Information, understanding, application, and higher processes. Data were 
<^also collected on attitudes and family backgrounds^ 

. The results of the analysis indicated that (1) many factors tHat had 
•nothing to do with t^he school contributed to student performance, partic- 
ularly the nature of tjie community, with the school possibly having a 30 
percent influence; .(2) males 'generally outperformed females; (3) in the 
better s'chools, there was greater concem-^with logical sequencing a!id con-- 
trol of science courses and standardized assessment; (4) in the ^*lower 
♦igroup," the academic training of science teachfcrs was heavily weighted 
toward biology, and teachers taugRt more in other areas; (5) real differ- . 
ence^ were not found between students in better and "lower group'' schools 
aiihough more students in the better schools enrolled in science courses; 
and (5) students in the better schools had more external motivation. 




\ Threa studies were jioncemed with sqi^nce education in India, one ^ 
with science education in primary and middle schools, the second with 
students in medium schools, and the third with students-" in a university, 

Duraiswamy (93) investigated the process of^ innovation d;Lf fusion V 
among the primary and middle school teachers in Tamil Nadu, India, A major" 
•problem thaf faced educators and innovators seeking to improve the quality 
of science education in the region was that of widely disseminating an^ 
Install^^ various innovations throughout the educational system/ 

Introductory material about the Discovery Method of" teaching ^ qience 
was* distributed to 500 of the target teachers who perceived' the method as 
art innovation. By means of questionnaires., data were obtained concerning 
their personal and e^ducational ferfcgrounds and their reactions to the^ . . 

Discovery Method. The -responses to the questionnaires were then analysj^d. 

The results indicated that teachers who percteive inservice* programs 
as not being ipteresting or useful may constitute a r'esistance group, i . 
Although about 58 percent of all teckchers • thought such programs were 
interesting and useful, only 38 percent of those .with six through^ten years 
experience "shared the view. Over 90 pegrcent of the teachers intiicat^d .they - 
were impressed, with the Discovery Method bi^ the analysis of respot^ses to 
other questions *revea led, that despite thei^ favorable attitudeS, .^4h^y iiiay 
X be reluctant to* us? the Method in their classrooms, i 



* X be reluctant to* us^ the Method in their classrooms, 

. ' ' * • ^/ , ^ ' ' 

' The study supports the fact that innovations are^ difficult to imple- 

' . ment, and the longer one teaches, the more resistant one usually becomes to 
using innovations, » * 
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Roy (295) compared the relative effectiveness of pictoriaJ presenta- 
tions and written passages on three clas.sif icational concepts in biology 
by Indians taught in English and Bengali. The subjects wer^ 102^ students 
from. Bengali and English medium schools who were Randomly assigne^^to D^o 
treatments and a control, with two groups each. 



J^ritten passages about three clas^^bficational concepts , geotropism, 
phyllotaxy and feathers, were described in ^a small booklet and single lin^ 
drawings of the same three concepts with appropriate labels were included 
^ in apDther booklet. The two \)Ooklets', which, served as independent variables, 

were used with, the subjects who were ^tl science students entering >^he tenth 
b grade" in Indian high schools, in Calcutta. .The materials on the comcepts 
Vwere taken from standard biology te;ctbooks; some 'in English and Mme in ^ , 
^engali. The treatment grtSups 'received th^ written and pictorialibooklets 
and the cpntrol groups the standard material for a period of 40 minutes. 
Students were posttested, and then Were administered a retention test seven 
days later. T^he tests included Che Letter. Se^s Test , F^rst and Last I^ames 
Test, Vocabulary Test and Auditory' Number ^Span Test . 

* ' ^ ~T 7* ' , . ' 

Analyses of the data failed to indicate that student^s taught in > 
Bengali' medium schools differed significantly -from those taught in English 
medium schools; the means for sybject^ in, Bengali schools on the post tests 
and retention tests were not found to differ significantly between written 
and pictorial mat^^al; both treatment groCips performed significantly 
better than did the control; and treatment griups showed greater behavioral 
change in terms of concept acquisition thai! 'did the control, ^ 

• V • « » ' ^ ' ■ . • . 

'The reviewer qftes^iions hoiAany AOr-minute experience, if he interprets 
the report correctly, can be usea ^s 'a basis for research findinga in a 
study of this type. Also, there is little*evidence as to what was done • 
with the control group. 

Khedekar (170) reported the results of using,, under Indian "conditions , 
the testing materials that are available fr6m the ACS-Examinat ions Comniittee. 
He administered a test to 159 students who passed the B.Sc. examination at / 
the University of Poona^and who were admitted to the M.Sc. Semester one^^ 
The test consisted of interns fr6m the ACS-NSTA High'Schoc^'Chemistry; Fom? 
1963. The adaptation consisted of 68 multiple-choice items, .36 and 32^»in, 
Parts^ I and ^11 respectively, that* were approved by senior university 
teachers who, were experi^ced as examiners* " ^ "'^^ 

An analysis of the test results* indicated that that test does discrim- 
. inate between good and poor studentd"^StKi that it could be considered of 
"average'' difficulty and appropriate fo^ythe level of students sampled. 
It was indicated that the levels at w^jich the test is appropriate in the 
two countries are different.. * ' ^ ^ ^ ♦ • ^ 

* * ' t 

Basically, the reviewer questions the value of the study since practi- 
cally .any test will discriminate between good *and poor students. Also, * 
this was a high-school level tes^t used with, B.Sc; gra'duates^^ * ' ^ 

None of the three studies in this sett ion .yielded consequential finding 
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" * Southeast Asia 



Vongchusiri (35D) attempted t;o discover some df the effects cf£ four . 
alternative combinations of teaching 'strategies and teaching modes- employed 
in teaching science concepts and rules to elementary' school students. The 
cpmbi^iationa were (1) discovery st^rate^/ with object mode (D-0) ; (2) dis- 
covery strategy with grapliic mode (D-G) ; (3) reception strategy with object' 
mode (R-0); ,and (4) reception strategy with graphic mode (R-G) . In dis-- 
covery strategy the firsg^ twd elements .(definition arid example) are developed 
by the teacher and the tj^ird rule is devel6ped by the .student. In recep-- 
tion strategy, all three are developed by the teacher. In graphic mode 
the thipking of students is guided by answering questions that the student 

as for mulated from hi s reading. In object mcijde, materials can be physi- 
cally manipulated. ^ ^ * , 

The Subjects Vere 810 students^f rom three elementary schools in 
Thailand, 90 from each of the fourth, fifth, and sixth grades in the three 
schools; The students were protested and on the basis of the scores were 
assigned to six equated experimental groups of 15 each. The students in 
^ach group performed tasks described on the^ worksheets under*^he strategy 
and mode to which they were assigned for one period. The study units on 
the worksheets dealt with movements of bones, the strength of elec^co-. 
magnets, and porosity of rock material. The amdunt of ^ti'me r^ifliired to 
complere each worksheet was recorded and the stydents were^ then administered 
a ten-- item Inultiple-choice test that^was readministered three)-w^ks later 
to measure retention. F*was used to analyze the scores. * 

9 

le result^ of the analysis failed to indicate consequential differ- 
ence ^mongJJ^combinations of teaching strategy and teaching mode. 
Differ^iuxe^in scopes on retentic^n tests could not be attributed to R-G, 
although D-0 produced significantly higher scores on immediate achieveanent 
and reltention tests, *and R-G appeared to produce signif icaptly lower 
completion times.. 

As with the previous stud/, the time for treatment seems much too 
brief to yield valid results • * ' . * ^ 

/ _ ' ' . 

Haddock (206) developed an attitude scale based on five objectives 
to measure the attitudinal components of the five stated' aims of the Papua « 
New Guinea Science Syllabus. Th^ five objectives were related to ^1) ^ 
the spidy of natural phenomena by the use of investigation or experiment, 
(2) the uk^^f the results of experiments and observation, (3) technologies 
^eing manmade developments, (4) the necessity jof gutting cultural models 
to the .test of investigation if challenged, and (5)' the need for modifi- 
cation of such models when Investigations "show them wanting." *^ * 

The scale, known as the Environmental Phenomena Attitude Scale, was 
developed thrpugh -field trials with teachers in Qolleges and high schools, 
,Pidgin speaking illiterate laborers, and oth^s. The 26-item scale^that 
emerged was administered in an interview format. Interviewed persons were 
1,110 ranging in age from 14*- 35, including high school students .in Farm three 
and four, and people about the same age who spoke the s^me language but had 
little formal training.: The sample interviewed had highlai)d-coastal, 



22j 



J 



/ 



urban-rural and weli-educated-iliiterate dimension?^. The interviewing was 
done by mors^than 100 interviewep© who were trained in four languages, 
finglish. Pidgin, Kiri-Motu, Eng/ (Raiapo dialect). 

The scores obtained from the administration of the scale indicated 
a big difference between those with schooling and those without , "Although 
the differences between persons living in the highlands and.Jja..,the_coastal 
regions, and those in urban and rural were npt significant^* The latter 
was thought to be surprising sitice the rural areas, have low technology. 
Differences based on, sex and those on ethnic Background were not found to 
be significant.. ' , . [ ' ^ 

The major conclusion was that the "well educated"^1rave~a-^more~pxisi-* 
tive attitude toward investigation, manipulation and control of natural 
phenomena than the^ "less well educated" and so believe ^n the suceptibility 
of the universe to human orderifng. and understanding. * ^ ' 

Haddock (207)^ used the Environmental Phenomena Attitude Scale (EPAS) 
whofee development was described in the preceding study, to compare the 
responses of uneducated villagers in Papua, New Guinea with the responses ' 
that high school students predicted that the vill^agers would make. The 
EPAS was administered to botH students and villagers and the students \fere 
asked to give reasons for their predictions. The differences between the 
predicted and actual responses^ were tested with t. ' ^ 

^ f . ^ 

^ T^^ *M?tlysis with N between actual and predicted responses was found 

to be significant, but the minimally educated villagers scoring much higher 
than predicted. Students who scored high on the EPASi^predicted much lower 
scores for the villagers than students who scored' low. The students 
apparently had contempt about the abilitjQ.of the ui^ducated to. handle, 
modem technology but thought anyone could handle village technology. It 

. was concluded that- the attitude >gap between students and uneducated villagers 
was widening. - , ' - 

Chao (62) attempte,d to ascertain wjiether or not *the elements perceived- 
iji the physics concepts o.f mass and .weight differed for students of different 
culturjal backgrounds/ Specif ij^ally , Answers w"fere sought to^ three questions: 
(1) What characteristics of coi|ceptuaT elements are specific to a sample 
group of specific cultural background? (2) VTh^t characteristics of qoncep- 
tual elements correlate to student performance* on a test? and (3) VJhat 
characteristics of a physical science conceptual scheme ai;e specific ^o a 
sample. group of specified cultural background. Data were collected on (1) 
the personal characteristics of the sample students; (2) elements involved 
in their concepts of mass and weight as perceived by the students on word 
association test's; (3) |the physics problem set used to focus the students 
perceptions of conceptual elements; and (M) the level of import4p^e at 
which the student ranked a conceptual element^* The data yere resolved into 
two categories, matching measures and test variables. ^ The matching measures^ 
of sex, score on the California Short-Form Test of. Mental Maturity , reading 
score, and average score in, science including biology and chemistry were 
usef to ^select two groups of matched studfents, 19 each from. Wortftington, 
Onio, and from Taiwan. The two groups were then compared on the'test v 
variables that dealt with the conceptual elements inherent in'^^the problem 
of the ^udy. 
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sis of the characteristics of the conceptual elements failed* 
...^ ^^ficant differences within the same culture, and the under- 
standli^g^^f -cdnc^;^ts^.i)f mass and weight by studeiKs from Worthington and 
Taiwan seemed comparable. Also, the importance of problem-related concep- 
tual elements was pejrceived similarly by both student groups. Hox^7ever, 
Taiwan students associated more physical science and problem-related 
conceptual elements with the stimulus words "mass" and "weight" than did 
the Worthington students. - ' ^ *\ 



/t^^^^It was interesting to npte ^that more than one^third of 45 problem 
no.h-r^^&&d^ conceptual elements perceived in the stimulus word "mass"^ by 
l^rthingtbri stud^eots were related to religion but only one of 30 problem 
'^onirelated' conceptual elements perceived in mass by Taiwan students related 
to "quali-ty^j,^^ implied meaning t)f '"mass" in Chinese, Taiwan students 
used more high ^Ife^jel physical terms in solving p;robleras than did Worthington 
64Uidents.' Taiwan students were nip^e. influenced by the problem set and 
^ evidentred ^ess divergent thinking to the stimulus •work "mass," The Taiwanians 
also showed more memorisation th^ dj^d their Worthington counterparts,. 

It was concluded {^t there aire cultural effects on* perceptions of- 
physic^ concepts .resulting ffbm^ attlrudes toward tests, learning processes, 
human relationships, and societal economic achievement, 

, * ' 

The studies reviewed so far in this major section entitled FOREIGN 
SCIENCE PROGRAiMS - HOW OTHERS DO IT, indicate that th^re has been some ^ 
Influence from the modern science programs developed in the United States 
that emphasize" inquiry, . But, it is clear that there hps been little attempt 
to "swallow them whole. ".^ One"^ detects efforts of these other nations to 
.develop instructional materials and teaching strategies that are relevant 
to their owit^., cultures and the levels *of educational development of their, 
students. \ ^ ^ * ^ 

I ^ ; " 

The problems that exist in these olher countries\i4|h improving 
science education programs differ little from those that exist in the , 
United States. Th*ese include the need for better qualified teacherS, the 
lack of clearcut strategies for 'teaching inquiry, the insensitivity of 
evaluation instruments in measuring"^ development of inquiry* and attitudes', 
and the provision for inservice education. 'Thses problems have existed 
for a long^ time as evidenced in earlier literature. It is likely they, will 
-continue tS plague science education^f or a long *time to come. ^ 

Nuffield . ' . ' ■% 

The purpose of th^s summary is not 'to review the background of^ curric-- 
ilium movements except insofar as they are the topics of research. Conse- 
quently, no attempt will be made to describe the 'genesis of the Nuffield 
Projects exce^it to say that thdy are the Ejvglish analogue of certain program^ 
of the, National Science Foundation, particularly the Course Content Improve- 
mQnt Program. ' . 

Nicodemus (241) indicated in his research report that "it was with 
recognition of the importance of a. broader study based on a national sample 
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that we continued inves^tigating the important influences on diffusioff^ and^ ^ 
adoption of' 25 new curriculum projects* In this paper only teacher reported' 
familiarity with and use of Nuffield D-level Biology and.A-level Biological 
Scii^ce are considered*** ^ * ^ 

In the spring 1973, qtiestionnaireg were sent 'to all science teachers 
in 167 , maintained secondary schools in 17 Local Education Authorities to 
ass^s their familiarity with 'the two courses in question; Fifty-one ^ 
percent of 849 teachers responded' with one or more responding from 85 percent 
of the schools polled. The responses were made to a four-point familiarity 
scale and a five-point use scale* As a basis for comparison, teachers 
were classified into three groups: (1) using all ar most of the materials - 
(high); (2) using less than two-thirds but more than one-third of the ^ 
materials (medium); and (3) no response, using only ideas,, or using less 
•than on- third of the materials* 

The responses indicated that 51 were hfgh, and 71 were low, users 
of 0-leVel Biology materials; and 24 were high , and 99 were low , users of 
A- level Biological Science materials* Teacher familiarity with the materials 
was about the same for biologists and physicists l^t high for chemists, 55 • 
percent of whom reported reading all or most of tlji^se materials. It wa§ 
indicated that the survey showed wide dissemination and high adoption. The 
high users (adopters) indicated that foijr factors facilitated their use: 
(1) time for preparation; (2) availabij^Lty o| grants to start projects; (3) 
money to keep projects going; and (4) requirement of external examinations* 
High adopters appeared to be frequent us^rs of specialist subject journals, 
science foumal^s, university sta^f consultation, and professional meetings* 
They also approved attituciinal objectives, ability of ^ students J:cr take / 
responsibility for planning 'activities, and the need to. develop studeiits-' 
abilities to work in groups* ' " ^ 

- The factors that faC[iiitated were much the game as those that would 
Ke reported in the Unit^d"^$tate,s* It's obyious that.tl\ose who use innovative 
materials ar« amon^ th^Tfi^^ professionally oriented teachers* . The work 
"use** means exactj^y *thSt., nSt the mere presence of materials in the class- 
room which happen§ all frequently * . . ^ 

^Three studies dealt with the Nuffield Advanced Chemistry Course* In 
one, The^epartment of Educational Research,; Lancaster University (378) 
reviewed: a number, of di^vqlopments'with this course beginning^with curri- 
culum reforms in the W50s wi%h changes -in the examinations for the General 
Certificate of Education* In general, thesd included the use 'of new tech- 
niques (objective type, multiple dioice and structural questions); the 
intir'oductiorr of examination 3pecif ications (quantitative statements of what 
^the exj^mination was design^ed tp test); and an extension of t2acKdr involver 
ment (greater use of teachers in constructing the eX;amination) . 

The Nuffield Advanced Chemistry Course and Examination were ^ developed 
together "in 1965-1968^ with two vears of practical land . theoretical work. - 
There were f ive ;distinct parts the examination. Paper one - a 50-item 
multiple-choice objective test; Paper two - eight or jilne structured ques-' 
tions, each with 45-50 subquestions; Paper >three A - test attainment in 
a special study [this was not ijivestigated in this Project]; Paper three 
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B nine^f&#fetions requiring imaginative responses, three to be answered; 
and assessment of practical work. 'The data from student papers were used 
in this study, with 86 percent of those of 694,_i970; candidates being 
' considered, 97 percent of 1,084, 1971 candidafe^l^nd 33.7 percent of those ^ 
of 2,174, 1972 candidates. - ^ * * ^ 

The analysis indicated that Paper two items discriminated better 
between high and low performance students than did Paper one; classifi- 
cation sets dispi^rayed the highest facility, with multiple completion the 
lowest. Alsb, it was found that topics dealin^'Vith the halogens and 
oxidation numbers; atomic structure, energy changes and bonding, and reac- 
tion rates seemed to 1>e the least difficult, and those with carbon chemist^ry ^ 
and d-block elements the most difficult. Little difference in difficulty 
was^ found among items of .knowledge, comprehension, and analysis. 
« 

In general, increased involvement of teachers with preparing the 
examinations did not concern the teachers even though their work was 
, increased, and there did not seem to be anxiety in ^ither teachers or 
students with the new emphafsis on assessm^lit. 

Mathews and Leece (210) described the results of using examinations 
with the Nuffield Advanced Chemistry course that allowed freedom of choice 
and response, and listed some of the outcomes of assessing practical work 
Internally by teachers. Nine questions for each of the years 1970, 1971 
and 1972 were scored by two markers. The m's for total scores were ."^5 
for 1970; 184 for 1971; and .82 for 1972 which were considered to be ade- - 
qurate. It was indicated that higher £'s might indicate markers who were 
too^^lenient or too tough. ' ^ » 

^ Of 3,208 answers in 1971, two markers differed by two gra.des' on a 
0-5 'scale for 74 -qiiestldns and three grades on three. It was found tliat the 
facility index^was easy to compute on compulsory and structure questions, ' 
but not so easy on free response. The stronger students chose first type 
questions--problem solving*, exact, mathematical - whereas the wealcer tended 
to reduce their total scores by their choice of questions.*. Most students 
agreed that internal assessment by' the. teacher was more satisfactory than 
external as^sessment. On practical skills (laboratory) work the teachers, 
seemed pirone to give higher scores. ' - " . ' 

Leece and ^^athews (196) attempted' "to determine whether a more contin- 
^QVg process of change was pos.sib^e using thef outcomes of examinations as 
one source of information (as opposed to a batch process when a period of 
development and trials followed by publication df curricula and .examinktij^ns 
that \Sfere not likely to change for a time). In ordep to do t'^s, it waS"^ 
necessrary to investigate a course to which, an examination system had' been 
specially matched, tjence the use of -the Nuffield Advancecf Chemistry Course, 
as the source of data." The scores obtained by students *on the examinatiT)ns 
for'1970, 1971 and*19-72 were used in the one- wa$ analysis of variance to 
test mean diS'Crimination indices and r's were computed between performance' 
on each question and on the totaj. examination. * * 

,The analysis. Indicated that structured questions discr:iminated • 
signif^icantly better among candidates than did Ithe objective type for the' 
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years taken separately, and combined, Quest*lons that had the highest 
facility were classification, and the lowest, multiple completion. Classi- 
fication questions were also found to have high discrimination poweif. An 
"analysis of facility indices fp1^ topical breakdown did^ not indicate causes 
^of apparent ease or dif f icuj/tfy of questions. It was. suggested that topics 
may be intrinsically e^sy-^ difficult, the teacher may not be, adequate, 
the topics may be above the ''intellectual level of the students, or school 
facilities and equipment may be inadequate - all these possibly affecting 
the. facility indies: 

- * ^ 

It was not clear how this report was directed toward the- stated pur- 
pose. Also, the three reports dealip^ with the Nuffield AdvancedCK^mistry ' 
Course dealt largely with development- and "statistical massaging" bfXscores * 
rather than with impllpations for teaching and outcomes of learning. \ 

Two studies were found concerning the Nuffield Physical Sciencejcourse. 
In one study. Swain (32?) designed a teacher questionnaire to evaluate 
details about CD the type and size of Pljysical Science schools; (2) Physical- 
Science and the curriculum; and (3) teacher perceptions of the course, its 
structure, time allocations, and "its interest and its difficulty/' A 
similar student questionnaire was prepared for students to provide a basis 
for comparison* The questionnaires were circulated to all known Nuffield 
Physical Science schools (75)^ with responses from 69 C92>v^ercent)' schools, 
178 from teachers and 596 from students. 

Analyses of the i?espon6es indicated that slightly more than half ^f 
both students and teachers indicated that minor changes were needed in y ' 
Nuffield Physical ^Science, and abot^t one-fourth of each stated that major 
changes were needed. Less than 3 percent of each group rated t1^ course 
as "excellent." The teachers claimed that the course, involving 14 basic 
topics 4^ith seven general ^pnd^ three "materials" options, was too extensive 
for the time allotted. More than three-fourths of teachers and" students 
agreed that the boundaries between physics and chemistry had been removed 
effectively, and about 6£) percent of "the teachars and 50 percent of the 
students supported the allocation of topics. However, if pruning were 
necessary, chemistry should be .cut. [Reviewer's note: Weren't the boundaries 
between physics and ch^emistry removed effectively?] Teachers thought that 
chemical equilibrium and intermolecular forces in the basic course,- and 
thermodynamics and molecular spectrum in the general options, were difficult. 
Students, however, thought electromagnetic induction and oscillations were 
difficult. Students found electromagnetic radiation, covalenf bonds, carbon 
compounds, electricity ^nd atomic structure interesting. They indicated 
low interest in group relationships in the periodic table but didn't find 
them difficult. ' ^ f • , 

^ high £ was found between teacher and student perceptions of diffi- 
culty, but a small, £ betweiin pupil interest and perceptions of difficulty, 

'In a study complementing the , one .preceding, -Swain (329) indicated that 
It had been 'the policy of the Nuffield Physical Science Projqct to investi- 
gate the influence of Nuffield Physical Science on schools' curriculum and 
also to record the destinations and future courses taken by candidates from 
the examination in 1973 and 1974. >So the Nuffield Physical Science Schools 
were asked to comple'te record sheets for those years indicating student's 
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course ^schedules, grades ,* destinations in university or future education, 
and student's selection of university courses. An 86 percent return was 
received in 1974 for the 1973 graduates, and a 79 percent return in 1975 
for the 1974 graduates. 

A tabulation of the , responses indicated that of the 69 of 75 schools 
returning record sheets, 43 were original trial schools • Twejity-nine of 
the school's enrolled only males, 12 enrolled only females, the remainder 
being co-ed. In 52 of the Nuffield Physical Science S.chools, chemistry and' 
, physics were still taught. The classes in Physical Science were in gener^^l 
small, with enrollments ranging from 5-20. In most schools chemistry or 
physics was a requirement for enrollment in^ Nuffield Physical Science where- 
as in others there was no entry requirement. Students elected many different 
subject combinations with NPS but the most popular were mathematics, biology, 
geography and geology. ' ^ 

The "proposed educational destinations" of the students weire not in 
agreement with the actual. Greater numbers "proposed" the university in 
1974 than went in 1971, 1972 or 1973. Those who were enrolled in Nuffield 
Physical Science entered engineering, mathematics, medicine and other 
sciences in higher education in large numbers. 

The studies of the Nuffield Project indicat;e that research is still 
in the "counting stage." As of 1975, there were no long-range longitudinal 
studies about the successes and failures of students who participated in 
the various curriculum projects. If and when these are undertaken, some 
valid judgments can be made about Nuffield. The same, however, cto be 
said about the projects funded by the National Science Foundation. 

An Epilogue 

This Summary of Research .In Science Education - 1975 has been extensive 
with many intermediate summations and generalizations at^he end of sections 
^and subsections. The introduction also contain^ some comments that could 
be considered generalizations. Consequently, another sunmary here would 
be redundant. However,' a few points may .be worthy of consideration. 

If bne were to rate the quality of writing in research reports including 
articles, monographs and dissertations on a scale of A to E, the reviewer 
believes that a mean rating of C may be charitable. This is distressing 
when one realizes that practically all of those who prepare the reports 
are well along in their educational careers. The current concern with 
^mediocrity in communication at the elementary and secondary school level 
certainly is applicable at, the level of the graduate school and particularly 
with the products of doctoral programs.* 

The terminology' used in many reports would in many circumstances put 
a federal. bureaucrat , assigned the task of writing regulations, to shame. 
The incomprehensibility of much that is i/ritten is astonishing. Also, the 
use of acronyms such as SART, CACKLE, NOST^ FTCFL and the like, particularly 
with invest igator-mada tests, the reliability -and validity of which are 
highly questionable, has reached ridiculously epidemic proportions. One may 
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also emphasize the need for training researchers to prepare comprehensiblfe 
and valid, abstracts, for many of those in Dissertation Abstracts Inter- 
national are neither* , ? ^ 



There is little^ wonder .that research, findings are no^lwely dissem-- 
Inatedc Far too. many reports are too 'difficult to read, and if deciphered, 
are found to deal with 'trivialities, • . " 
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